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CHAPTER 1 /1*

INTRODUCTION

The joint Soviet-American Bering Sea microwave-measurement experiment was
conducted during the three weeks from 15 February to 7 March, 1973, in accordance
with the agreed-upon technical plan. Nine joint flights were made during this period,
covering all program options. The flight plans and time charts have been issued by the
Americans in a preliminary report. The Option A flight measurements in precipitation
zones were made on 26 February and 2 March. Option B measurements of sea surface
state were conducted on 16 and 23 February and 7 March. Option C ice-structure mea-
surements were made in flights on 15, 20 and 28 February and 5 March. The data, in-
cluding the time of operation of the apparatus in each flight, are shown in Table 1 of the
preliminary report.

In addition to the instrumentation specified in the Soviet portion of the technical
plan, ice-survey radar gear installed aboard on AN-24 aircraft was used in the experi-
ment. The task of the ice-survey radar was to obtain the ice-field radar picture needed
for interpretation of the microwave measurements, to select the boundaries of the ice
test area and to establish the starting reference points for the position of the Soviet
weather-research ship "Pribor". A radar survey of the sea surface wave state was
made on the B program days (sea state measurements). The AN-24 aircraft operation
was conducted immediately after the IL-18 and CV-990 aircraft had departed from the
operational zone.

The Soviet weather-research ship "Priboi" carried out pro-planned meteorological,
and hydrological observations at the time of the joint flights. In addition the following
measurements were made:

- wave parameters, using a wave-gage and r idar methods.

- water surface radiation temperature measurements using an IRt-radiameter
(8-12 p).

- electrophysical properties of the ice.

The following days of joint flight were reduced by the Soviet side: Option A, /2
26 February and 2 March; Option B, 16, 23 February and 7 March; Option C, 20 Feb-
ruary and 5 March.

Meteorological, aerological and hydrological measurements were made on all
flight days specified in the program.

The combined flight plans, time- and coordinate-tables are given in the Appendices
to the report.

*Numbers in the margin indicate pagination in the foreign text.
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Personnel of the USSR Hydrometeorological Service Research Institute participated
in compiling the report:

- A. I. Voyeykov Main Geophysical Observatory.

- State Oceanographic Institute.

- Hydrometeorological Center, USSR.

- Far Eastern Hydrometeorological Research Institute and the Leningrad State
University.
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CHAPTER 2 /3

OBSERVATIONS ON BOARD THE WEATHER RESEARCH
SHIP "PRIBOI"

2. 1. Aero-synoptic characteristics of atmospheric processes above the northern
Pacific Ocean (Feb. -Apr. 1973). The nature of the synoptic processes over the Far
Eastern territories, adjacent seas and the northern Pacific differed substantially during
February 1973 from the many-year average. The distinguishing feature of the synoptic
processes above the northern Pacific and Bering Sea during February was the excep-
tional cyclonic activity in the arctic and polar fronts, an anomalous arrangement and
intensity of the main action centers in the atmosphere: Siberian and sub-tropical anti-
cyclones, alentian low.

A comparison between the mean many-year data for ground-level atmospheric pres-
sure and the averages for February 1973 brought out that all atmospheric action centers
during this period were located 130-200 west of the many year average position; negative
pressure anomalies, equal respectively to 8- and 4-mb, were observed in the Siberian
anticyclone and aleutian law. In addition to the westward displacement of the -main
activity centers of the atmosphere, the position of the polar front over the northern
Pacific also differed from the many-year average position, namely, from the southern
Japanese islands it was directed NE, not toward the Gulf of Alaska, but toward the
western portion of the Bering Sea.

The position of thepolar front and the Llocking.action of.a .ridge of high pressure
from a high center over Honolulu toward Alaska established the general direction of
movement of the cyclonic systems and the region in which they became stationary (Bering
Sea). The stationary nature of the cyclonic systems during the first cldays of February
near the eastcrn coasts of lKamchatka and the resulting prevailing southerly flows over
tho Bering Se a brought about an anomalously northern position of the ice edge: during
the first 10 days of thU' mon0th (beginning of the Bering experiment) the ice edge at 176o W
was located north of ihle 62nd parallel.

At the time of i'-imum development of cyclones and while they were stationary in /4
the Bering Sea, cyclonic circulation with storm winds extended outward over a large
radius of 1500 km. A deeper low (center pressure down to 976 mb) developed, pri-
marily in the Arctic front. Deep lows did not develop in the Pacific branch of the polar
front, and they appeared as low-pressure formations. They began their movement as
frontal waves from the region of Chinaor from the southern Japenese islands, and,
moving NE, flowed into the arctic front high over the Bering Sea. The accompanying
heat caused regeneration of the central stationary cyclone. In those cases when the
merging of the polar front wave cyclone and the arctic front cyclone occurred earlier,
over the eastern Pacific, the development of the cyclonic activity was mainly of a storm
nature (over 1-2 days the cyclones deepened to 900-956 mb).

The exceptionally deep lows and the rather high pressure in the Siberian and sub-
tropical anticyclones caused the development of storm winds of up to 27-30 m/sec.

I-



The outflow of cold air masses from the continent into the rear portion of the lows
located in the SW portion of the Bering Sea, with high winds, high wave state and sea
water temperatures near OOC, led to heavy ship icing in the western Pacific and SW
portion of the Bering Sea, in a band between 45 0 -55 0 N. In the front portions of the lows,
strong winds in combination with a very long fetch (thousands of kilometers) created sea
states up to 6.

2.2. Aero-synoptic processes during the experiment. The weather conditions
during the experimental period were distinguished by their variety and instability. Clear,
sunny weather was followed by dense, low clouds carrying snow, which reduced visibility
to 100-200 m; the temperature (about 00) was followed by heavy frost (-160); atmospheric
transparancy was replaced by fogs in which the visibility was less than 200 meters;
relatively calm winds (6-8 km/sec) became storm winds (18-20 m/sec) and the calm sea /5
surface developed 5-meter waves.

This diversity was governed by the geographical features of the site of the experi-
ment and by the winter synoptic processes in this region of the globe. The uniqueness
of the geographic site of the test area consisted in that it was located at the juncture
between the cold ice surface and the warm surface of the open sea, where the water
temperature was close to zero, and also in, the proximity of two continental regions of
differing temperatures (the cold of Chukatka and the warmer Alaska)..

The special features of the synoptic processes were as follows. The paths of the
southern cyclones, which supplied heat to the Aleutian depression to maintain it, were
characterized by two principal directions from the region of cyclogenesis - are to-
ward the western Bering Sea and the other toward its eastern section, the Aleuts and the
Gulf of Alaska. A high-pressure ridge usually developed at the back edge of the cyclones,
issuing.to the east of the sea, 'di'rected southward from Chukatka.

Hence the synoptic situation in the Bering Sea during the experiment was character-
ized by the presence of two centers of cyclonic activity, periodically separatod by a
high--pressure ridge. As a rule one of the centers wat domiuant and lhe other secon-
dary.

The direction of movement of the cyclones and tbl region in which they became
stationary were determined by the high-altitude pressre field. The presence of a high
Pacific ridge in the middle troposphere, directed from the sub-tropical high toward
alaska, and the westerly location of the high-altitude depression (south of Kamchatka)
favored the escape of the southern cyclones to the SW or W sections of the Bering Sea.
The migration of the high-altitude barometric formations to the east and the weakening
of the blocking ridge led to an eastward deflection of the cyclone paths; they emerged at
the Aleuts, the peninsulas and Gulf of Alaska. Weather conditions of three navel types
were observed in the experimental area, depending on the region in which the cyclonic
systems moved and on the intensity of the ridge at the rear of the eastern lows:

- Weather in the fore-section of the cyclone (in case of the emergence of /6
southern cyclones in the western Bering Sea);

- Weather at the rear-sections of a cyclone (if it became stationary over the
Aleutian islands or Gulf of Alaska);

- Anticyclone ridge weather (with the development of a ridge back of an eastern
cyclone).
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Each of these types was different in nature, and in specific cases the meteorologi-
cal conditions in the surface layer were also governed by the distance from the center
of the low or ridge axis.

The specific synoptic situation and weather conditions in the experimental area were
summed up as follows. At the beginning of the operation (11-20 February) an anticyclone
system was located over Kolyma; its eastern periphery extended over the Alaskan coast
and the northern Bering Sea. Intermittent wedges, directed southward from Chukatka,
penetrated to 50 0 N. The weather during this period was generally dependent on the
ship's position relative to the axis of the ridge. Weak winds 16-10 m/sec) and light
cloudiness were observed on the ridge axis (11-14 February); at the periphery of the
ridge (15-20 February), in a band of sizeable pressure gradients, the windspeed reached
19 m/sec. With NE winds, snow fell in the form of flurries, which were especially
intense and prolonged with a more northerly position of the eastern cyclonic center; the
visibility was at times less than 1 km (Figs. 2. 1, 2. 2).

During 17-21 February, with an air temperature of -140 or lower and windspeeds
above 10 m/sec (see charts of meteorological elements), intense steaming was observed
above the ice-free water surface, lowering the visibility to 50 m or less at times.

The ice mass immediately to the north of the ship limited the wave fetch, and hence,
even with a 17-19 m/sec NE-wind, wave height did not exceed 4 meters.

The vertical structure of the temperature field during this period was characterized
by the presence of a super-adiabatic gradient in the lower half-kilometer layer (1. 18- /7
1. 52 deg/100 m), with gradients of -1. 26 to -3. 20 deg/100 m in the adjacent layer of
thickness 400-1000 meters. It should be noted that in the presence of transfer from
Chukatka to the SW portion of Alaska (13-14 and 19-20 February), i. e. from areas of
anticyclonic circulation, the vertical distribution of humidity had features character-
istic of subsidence inversions (compression) - namely, the humidity decreases sharply
with height from the lower boundaries of the inversion. During 15-1.8 Feb'ruary, with
air mass transfer from the south of Alaska, when the air over most of the path moved
in the curved isobalr rield of the cyclone, the inversio.i was weaker, and at times an
isothermal- or trapped layer with weak positive gradients was observed instead of an
inversion. The vertical trend of the humidity was in this case distinguished by a mono-
tonic decrease with altitude.

The presence of superadiabatic gradients in the lower 500-meter layer of the tropos-
phere, strong winds and a relatively warm sea with high relative humidity in the sur-
face layer, creates favorable conditions for forced convection and strong vertical dis-
placement of an air mass. This may explain the existence of the heavy snow flurries -
from the thin (< 1 km in thickness) cumulo-nimbus clouds; due to the enhanced vertical
mixing, the cloud layer is continuously resupplied by new batches of water vapor.

At the beginning of this period (13-14 February), strong easterly and north-easterly
winds (up to 20-25 m/sec) prevailed throughout the troposphere in the periphery of the
high anticyclone centered over the northwest Bering Sea. In connection with the inflow
of dry cold air masses from Alaska, the temperature dropped significantly at all levels
in the troposphere. The minimum value noted at the tropopause (10. 1 km) was -64. 70.
The relative humidity above 1. 5 km did not exceed 40%.

During the period 15-18 February a further temperature decrease was observed.
As compared with 14 February, the temperature decreased by 100-120 over the entire
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troposphere. The polar tropopause simultaneously lowered to 6.7-7. 1 km. At the
same time the highest temperatures recorded during the experimental period were ob-
served in the lower stratosphere and at the tropopause (~ -500, Fig. 2.3).

On 21 February the cyclone which had been over the Aleutian islands shifted some- /8
what north; the weather in the area of the experiment assumed a backedge character -
N and NE winds of 8-12 m/sec, snow flurries, steaming sea, visibility at times less
than 1 km (Fig. 2. 4). On 22 February, the southern cyclone, with a center pressure of
965 mb, moved toward the northern portion of the Bering Sea, forcing the high-pressure
ridge toward Kalyma (Fig. 2. 5). Between 22-25 February the weather was first governed
by the leading edge of the cyclone, and later by the N and NW sections of this and other
cyclones that had emerged into the Bering Sea or had been generated above it.

At the beginning of the period solid stratiform clouds with snowfall were noted, with
a SE wind of 12-17 m/sec and abrupt warming (from -14o to 00). Subsequently the air
temperature fluctuated between -0. 20 to -2. 00, the relative humidity in the surface
layer was 80%-97%; the windspeed varied over wide limits (4-20 m/sec) as a function of
distance from the center and the wave height reached 4.5 meters. Snow fell from time
to time, fog formed and minor ship icing was observed. Due to the flow of air from the
ocean into the frontal portion of the cyclone, the temperature increased considerably,
together with the humidity. This brought about a sharp change in the vertical tempera-
ture- and humidity-field structure. The vertical temperature gradient in the lower
500-meter layer decreased (down to 0. 6-0. 9 deg/100 m), the inversion disappeared and
the relative humidity increased at all levels (90% at 4 km). On 22-23 February, sub-
stantial horizontal temperature gradients were observed in the upper troposphere,
air-flow convergence with close to jet velocities .(25-28 m/sec), a sharp fall in tropo-
pause height - i. e. conditions close to those in which tropopause disruption is ob-
served. This gives reason to assume that there actually was a disruption in the polar
tropopause above the northern Bering Sea during this period. The marked warming up
in the lower 3-4 km layer of the stratosphere is then clarified. It could have occui'r,'
as a result of the injection of warm troposphere air into the stratosphelre at the site (.)f
the tropopause break. At 0000 GMT, at the end of the day 26 February, the ship was /9
at the far edge of a deep cyclonic system, in its frontal section. A low with a center
pressure of 953 mb was located near the SE coast of Kamchatka. During 26 February
the low was filled in by almost 20 mb and moved NW toward the Kamchatka coast. 01O
27 February the ship was stationed ahead of an occluded front, at the boundary between
this cyclonic region to the SW and a ridge to the NE (Fig. 2. 6). The ridge began to
intensigy on 27 February and extended to the rear side of the eastern cyclonic region
from the north to the Bering Sea. These systems governed the weather from 28
February-2 March in the cruising region (Fig. 2. 7). Notwithstanding the outflow of air
masses from Alaska, the air temperature did not fall below -100, which can be explained
as follows. The air mass circulation was governed by a cyclonic system that had entered
Alaska. The warm air masses in the leading portion of the cyclone were not cooled due
to their short stay over the continent and were subsequently further warmed by 80-100
above the open sea. Circulation in the middle and upper troposphere was governed by
two high-altitude barometric centers - a low-pressure area over the southern Sea of
Okhotsk, and a slowly-moving anticyclone over Alaska. The transport of warm air
from the edges of the high trough and the cold air masses from the SW edge of the anti-
cyclone from N. America accentuated the high frontal zone. Large horizontal tempera-
ture contrasts were observed throughout the troposphere, amounting to as much as
1. 130-13. 70 at 4-5 km in the warm-front zone. The tropospheric wind system changed
markedly. On 25 February, in the upper troposphere ahead of the warm front, a polar
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jet-stream was noted, with a vertical extension of about 4 km. The maximum wind-
speed on the jet axis (at an altitude of 6. 7 km) reached 45 m/sec. In and behind the
frontal zone the veloci ty fell off to 10-5 m/sec. After passing through the cold region
of the high frontal zone (during the night of 26-27 February), increased wind intensity
throughout the troposphere was again observed, and the jet stream again formed, with
the axis of the newly-formed jet lower by 5 km and with a lower flow velocity (32 m/sec).
High temperatures (+ 0. 20 to -0. 70) and humidity (90-96%) were maintained in the 1-km
surface layer (Fig. 2. 8).

The vertical distributions of these parameters exhibited features characteristic of
anticyclonic weather; however, they were less pronounced than at the beginning of the /10
experiment. The average height of the layer with superadiabatic gradients remained the
same, but the gradients themselves were reduced to 1. 03 deg/100 m. The thickness of
the inversion layer (with a gradient of 0. 95 deg/100 m) was lower by a factor of two (0. 31
km). And, finally, during the end of the period, the experimental area again came under
the influence of cyclonic activity. From 3-8 March, two deep lows emerged in the SW
region of the Bering Sea, with center pressures of 970 and 960 mb. Simultaneously,
over the eastern section of the sea or over the Gulf of Alaska, shallow secondary lows
were produced, forming a widened depression with the southern low that covered a very
large area, including Alaska and the weste'rn portion of the Sea of Okhotsk (Fig. 2. 9).

The weather in the navigation area was governed by the northern edge of this region.
The windspeed varied over rather wide limits. The formation of the secondary lows
led to increased barometric gradients at the edge of the depression, and resulted in an
increase in windspeed up to 20 m/sec. As they filled in the wind moderated to 10-8
m/sec. With the prevailing NE winds, cold air masses from Alaska entered the water
.and winddirection, .the tempcrathreSmeamredfnrom shipboard -fluotuated from -80 to
-150.

With the influx from southern Alaska the air temperature increased, but at the same
time colder air masses arrived from the northern section of the )enliNula,. On 3-4
March, at the northern edge of the secondary low where the ship was stationed, 20 rn'::ec
winds were noted, together with snowfall (visibility at times less than 1 km), weak
steaming and heavy icing conditions.

On 7-8 March the ship was initially under the influence of the NW edge of the low,
and later the NE edge. A windspeed of 21 m/sec formed waves up to 5 meters in
height. The combination of the storm wind, heavy sea and low air temperature (-160)
caused heavy icing of the ship.

The lower boundary of the polar tropopause during 1-8 March averaged 10 km.
Heat advection lifted it to 11 kinm, but in cold air it dropped to 7-8 lm. The tropopause /11
height remained constant with uniform flows (Fig. 2. 10).

2. 3. General features of the formation of ice cover in the Bering Sea. Ice forma-
tion in the Bering Sea usually begins at the end of September. If we exclude the Bering
narrows, ice cover in the Bering Sea basin is observed over a 10-month period, from
the end of September to the middle of July. Maximum ice-cover development is
reached in March (Fig. 2. 11). Ice begins to form in the northern section of the sea,
usually in the gulfs of Anadyr, Kresta and in Norton Sound. Occasionally, ice from the
Sea of Chukotsk is brought by winds and currents into the northern section of the sea,
but the relative amount does not exceed 3%-5%. The main ice body is formed locally,
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and during the course of the winter its boundaries move southward to 59 0 -60 0 N in the
central portion of the sea and to 55 0 -57 0 N along the Asian and American coasts.

In the western Bering Sea, with the extension of the ice-cover from N to S due to
natural formation, a steady migration of ice in the same direction takes place under the
influence of the stable winds and currents. As a consequence, a stable ice window is
formed along the southern coast of Chukotka, where the formation of new ice continues
all winter. Toward March the width of the zone of newer ice reaches 250-300 km south
of the coast of Chukotka. The advance of the ice edge to the south is due more to drift
than to ice formation toward the open sea.

Toward the beginning of March thin, first-year (white) ice (thickness 30-70 cm)
predominates in the Bering Sea. In the NW portion, and south of the Gulf of Anadyr,
significant bodies of thicker first-year ice are encountered (average thickness 70-120
cm). The formation of such ice is related to the lower air temperature in the NW region /12
of the sea, the considerable freshening of sea water due to the efflux of the Anadyr river
and the rapid cooling of these relatively shallow regions of the sea.

The first-year ice is usually carried by the constant polar currents and winds into
more southerly and easterly areas. Wedges of this ice can sometimes be found near the
edges in western and central areas of the Bering Sea.

In the eastern Bering Sea the onset of freezing is about the same as in corresponding
latitudes of the western portion. Norton Sound is a principal focus of ice formation.
However, the regularity of ice drift in the eastern area of the sea is quite different from
that in-the western portion. '"Ilere'the-steady'P-,cific'curreit, flowing from S to N,
governs the drift of the ice in that direction. During the winter, with prevailing N winds,
ice overcomes the steady current and gradually moves southward down to Bristol Bay.

Thus the ice cover in the Bering Sea is formed by the action of constant currenlts.
strong tidal flow- and eb)b-currents and winds. The steady currents create a relativel"
constant pattern of ice distribution, on which is superposed the action of meteorological
factors. The role of the meteorological factors, which fluctuate more-or-less irregu-.
larly, usually show up as short-period changes in ice conditions.

2.4. Distribution and properties of sea ice in the microwave measurement test
areas. To obtain the objective information on the quality and on the distribution of the
ice-cover in the test areas needed for interpretation of the microwave surveys, an areal
radar survey using side-looking radar was used, together with ship observations in the
peripheral zone. The radar survey was made from an ice-survey AN-24 aircraft, which
proceeded to the test areas as soon as the IL-18 and SU-990 aircraft had finished their
operations. The maximum time interval between the radar and microwave surveys did
not exceed 3 hours, and therefore they may be considered to be essentially synchronous.

The location of the ice that polygon (program option "C") was fixed on the basis of /13
the possibility of cruising in ice of the Soviet weather research ship "Priboi"; according
to the stated expedition program conditions this was to be in the SW sector of the Soviet
quadrant during the entire survey period. During the survey period the "Priboi" served
as an artificial reference point for the L-18 aircraft. Simultaneously, oceanographic
observation and physical investigations of the properties of the ice were made from ship-
board.
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For the subsequent joint analysis, data were. selected from option "C" of
20 February and 5 March. Due to a lag in beginning operations, the radar survey was
completed at the beginning of the following weeks - 21 February and 6 March, respec-
tively. The radar survey of 21 February covered only 70% of the square test area.
The survey of 6 March was of satisfactory quality and (at 20-30 km) covered the bound-
aries of the prescribed square.

The geographic location of both square test areas is fixed by the following coordi-
nates:

21 February Point - 6102I' 178040' W
Time of survey Point - 60 30 178 40
01. 20 - 02. 35 Point - 60 30 176 55

Point - 61 21 176 54

6 March, Point - 61 53 178 20
Time of survey Point - 60 52 178 20
00.57 -02.41 Poiqt - 60 52 176 35

Point - 61 53 176 31

From the above listing of coordinates it is seen that the test areas of 21 February
and 6 March differed in latitude by only 22 miles. The ice conditions in the region of
old ice also changed little during this time period.

The south portion of the .test area of.21 February.contained individual zones of
cohering broken ice. The zones were 2-6 km in width with open 8-15 km water areas
between them. The ice zones extended about parallel to the ice massive in the northern

portion of the test area and were aligned NW-SE. The overall solidarity of the ice in the
south sector of the test nrea was no more than threo o.oints,. The north tecor of the
test polygon contained packed ice in the form of large lhummochs of broken, thin, first-
year ice (white ice). Among the pack ice many open v, ater spaces were observed, whose
orientation about coincided with that of the ice zones ill the southern section of the poly-
gon.

Packed ice predominated in the March 6 test polygon. The overall solidity of the ice
did not exceed five points only in the SW portion, in the immediate vicinity of the edge.
Along the diagonals of the polygon - from NW to SE - ran a chain of large open water
areas, widths 2-10 kmin. The open water areas were in part filled with bands of finely
broken fresh ice.

Let us consider the age makeup of the ice in the polygon areas and its morphologi-
cal characteristics.

The ice cover in both polygons is typical for near-edge zones. It was formed by a
process of gradual freezing of the sea from north to south under the constant action of
wind and swell arriving from the open sea. Under these conditions the initial form of
sea ice is usually "pancake" ice - glass ice. This ice is formed in the presence of sea
waves and is found in the form of an accumulation of rounded floes of diameter 2-3
meters and thickness up to 10-15 cm. Along the edges of these floes are formed char-
acteristic rollers of layered and deformed ice. As the thickness increases the pancake
ice alters to gray-white and white ice; freezes together into larger floes and even into
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an ice-field which is usually again broken down with an increase in wave state. Near
the edge the processes of freezing and fracture of ice formations occurs constantly.
The greater the thickness of the ice formations and the farther they are form open
water, the larger are the frozen-together monolithic floes.

On 20 February at the Priboi's station, i. e. in the SW area of the polygon, in the
near-edge zone, broken ice of solidarity up to 5 points (predominant size of floes less
than 20 m), pached together in patches and zones of solidarity up to 9 points. The pre-
dominating ages of the ice were white (2 points) and grey-white (2 points) with minor
inclusions of grey and glass ice (up to 1 point). Snow cover of the ice did not exceed 1 /15
point (the thickness of the snow cover on the white ice was no more than 5 cm).

The ice situation in the vicinity of the ship's station on February 19-20 is given in
Fig. 2. 12, from data of the survey made by the IL-18 aircraft. Plotted are the many-
year average of the edge of the drift ice and the ice edge from the aircraft radar data.
Table 1 presents the symbology used in Figs. 2. 12 and 2. 13.

In the polygon surveyed on 6 March there were zones of pached ice along the edge;
width of zones about 40-60 km, consisting of rounded floes, not frozen together, of
diameter 15-20 meters. Each of the floes was formed by the freezing together of still
smaller floes of rounded shape. The thickness of these frozen-together ice formations
was not uniform and varied from 15 to 30-50 cm. Their surfaces were very rough; the
contours of the frozen masaic of smaller floes was clearly visible, with the edges of the
swell waves penetrated freely through this zone of broken ice to hinder its freezing into
larger ice formations.

With an average solidarity of ice in the open-pack zone of 3-5 points, the solidarity
in patches reached 9 points. Under the influence of the strong wind waves and swell,
together with the intrusion of warm Pacific water at t temperature up to + 1. 5C, the
glass ice formations almost completely disappoared in the zone of the opon pack ice.
White and gray ice retailned their former ratio, but tt thiclkness of the snow cover
increased somewhat, reaching 7-10 cm on the white i oe. Figure 2. 13 shows the ice
conditions in the vicinity of the ship for 5-6 March 1973.

In the northern portions of the polygons, where s'vell was substantially weakened,
the processes of the freezing together of ice floes proceeded at ahigher rate. Larger ice
formations were observed in these areas, consisting also of larger floes of differing
ages that hat frozen together. The surface relief of these floes was quite complex and
reflected the entire "history" of the formation of the ice cover from pancake ice up to
the formation of large ice fields of first-year ice.

Thus the ice cover in the area of the microwave survey was formed in the immediate /16
vicinity of the edge, which determined the complexity of its morphology and the diversity
of its age gradations. The physical and chemical properties of these ices was non-uni-
form in space, and their parameters deviated widely from the parameters of the ice in
other areas of the sea.

As noted earlier, the "Priboi" investigated the physical properties of all stages of
growth of the drift ice - white, gray-white, gray and glass ice.

The measurements made of the salinity, density and temperature of these growth
stages of the drift ice allowed establishing some general relationships which are
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Tab1b 2.2 /17

--pe-e-ar npeessBu ass3ene- 3Meeg- Cpe- IlpeeJm zseeasq CpeA-
Uoposoro aazCa -- a. co- a ILnTHOOTa aHR IIpmeqanze

a) aS b) HA c) d/o d) e) 0 g)

Hmac h) 3-10 cM 13-18 15,7 0,830-0,916 0 0,875

Ce;i i) 10-15 7-10 8,0 0,810-0,890 0,830

CeP- j)I5-30 2-7 - 0,780-0,890 - it P o-o-
e aoro -oB

Bemz2 k) 30-70 2-7 - 0,700-0,!00 - npeA Ta en I
rpa1raai)

KEY: a) Type of sea ice; b) Ice thickness measurement limits H1 ; c) Salinity measurement
limits, S%; d) Average, S%; e) Density measurement limits, p'; f) average, p; g) Re-marks; h) Glass ice; i) Gray; j) Gray-white; k) White; 1) S and p for gray-white and white
ice are shown graphically.



represented graphically and in tabular form (Figs. 2. 4 and 2. 15 and Table 2. 2). The
qualitative correlation between the nature of the vertical distribution of these param-
eters with those of arctic ice of corresponding age.

As can be seen from Figs. 2. 14 and 2. 15, the minimum salinity and density of the
white and grey-white ices occurs in the upper layers of the above-water portion; this is
a consequence of the migration of brine. The maximum salinity and density is ob-
served in the upper layers of the underwater portion of the ice; this is explained by the
accumulation of brine migrating from the above-water part of the ice. Below this layer
these characteristics decrease somewhat and then smoothly increase. It can be seen
from the graphs that these values scatter within certain limits. This can be explained
by the large difference between the conditions of ice formation near the edge and in the
ice massif, as well by certain inadequacies in the method of selecting ice samples from
the ship. The salinity and density of the primary ices (gray and glass ice) also fluctuated
within certain limits (Table 2. 2); this is explained by the general difficulty and inade-
quately worked-out technique of taking samples.

The ice sample tests made during the experiment showed that three basic layers of
characteristic texture (Fig. 2. 16) can be distinguished from the external characteristics
in white ice. The first layer (0-9 cm) was of white granular ice (water-snow type) with
a large number of air inclusions in the form of bubbles (diameter 1-2 mm). The second
layer (10-35 cm) was of darker ice, a layer of gradual transition to a more monolithic /18
ice. In this case, as a rule, there are usually 1-2 clear dark seams of organic origin.
The third layer (35-70 cm) is of still darker monolithic ice with a relatively small
amount of chaotically oriented air, inclusions. Two primary layers of characteristic
texture are visible in the gray-white ice. The first layer (2-25 cm) is semi-transparent

.. ice with a-small number of air bubblc inclusions of diameter 1-2 mm. The texture of
the earlier ice formations (grey and glass ice) were uniform over their entire thickness.
The color was cloudy white. A large number of minute, mainly spherical, air inclusi ons
were noted. Photographs of the crystal structure (Fig. 2. 16) show that all ice age stavcs
investigated passess a uniform, fine-grain structure; the crystals were isometric, of
irregular shape, growing uniformly in all directions, the predominant crystal size wa,
0. 5-1. 0 cm.

In conclusion we should note that these properties of ice describe most completely
the ice in the near-edge zone.

Appendices II. 1 and II. 2 contain tables of the radio-sounding of the atmosphere and
tables of the more frequent meteorological observations made during the flight periods
from the "Priboi". As a rule, two radiosondes were launched during a flight period -
one prior to the flight and a second immediately afterward.
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CHAPTER 3 /19

INFRARED MEASUREMENTS OF THE RADIATION TEMPERATURE OF
WATER AND ICE AND WAVE MEASUREMENTS

3. 1. Instrumentation and measuring techniques. One of the basic characteristics
of the dynamic state of a water mass is its heat content. Therefore an infrared radio-
meter was selected to give an indication of the temperature of the underlying sea sur-
face. This instrument has a number of advantages as compared with available standard
instruments: first, it allows defining the thermal state of the upper layer of water,
which interacts directly with the adjacent layers of the atmosphere, while ship tempera-
ture-measuring.instruments are submerged to a depth of 0. 5-1. 0 meters or more;
second, the non-contact method of measurement is identical with the aircraft (or
satellite) method and allows defining the temperature in the natural state without various
disturbances due to noise and distortions attributable to the ship. And, finally, the tem-
perature of the ice surface with the ship underway can generally be found in practice only
by non-contact methods of measurements in the microwave or infrared bands. A ship-
board infrared radiometer was used for the non-contact surface-temperature measure-
ment; the instrument had the following technical characteristics:

- water temperature-measuring range - 30 - to + 370C
- sensitivity threshold 0.050C
- measuring accuracy 10. 20C
- viewing angle of optics 120

The measuring circuit of the IR-radiometer is based on the principle of direct mea-
surement of the infrared radiation of water, whose emissivity amounts to 0. 98, with
maximum radiation at a wavelength of about 10p. The required spectral range is pro-.
vided by an interference filter with a pass-band of 8-13p.

The radiometer pickup was installed in the bow section of the ship, about 5 meters; /20
above the sea surface; this corresponds to a spatial resolution of 2 x 2 meters.

The accuracy of operation of the IR-radiometer was systematically checked using a
calibration device. For ice temperature measurements the calibration curve was
linearly extrapolated in the low-temperature range, with an accuracy within ±0. 50 .

In all, 200 synchronous measurements were made on water. Since the measuring
accuracy of the IR-radiometer amounts to about ±0. 20C for water, periodic checks were
made during the measurements to eliminate random errors, using the calibration device
to establish the operating temperature point. This allowed making reliable measure-
ments of surface temperature to 0. 10C.

The differences between the IR-radiometer indications and simultaneous mercury
thermometer readings did not exceed 0-0. 20 (50% of all observations). The distribution
of the IR-radiometer readings from the ship measurements is given in the form of a
histogram in Fig. 3. 1.

The greatest deviations of the LR-radiometer readings from simultaneous mercury-
thermometer readings are caused by methodological aspects of the measurement, and
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are not due to instrumental inaccuracies. These deviations are as a rule associated
with daytime measurements with low air temperatures and strong winds, when it is
usually difficult to make temperature measurements using contact methods.

3.2. Results of water surface temperature measurements. The thermal regime
of the northern portion of the Bering Sea was most affected by the transport of the warm
and humid sea air masses of middle latitudes in a system of southern lows and by the
action of high-pressure regions of cold artic air masses from the Chukatka and Kalyma
regions. The air temperature upon the entry of warm air masses increased to 0+0.30
and with the intrusion of arctic air it was lowered to -150 to -20 0 C. In the test polygon
area, below-zero water temperatures prevailed (-1. 70, -1. 80, latitude 61 0 N). Due to
the cyclonic circulation of 22-25 February and 1-8 March the water surface tempera- /21
ture in the experimental area rose to + 0. 10 to + 0.40C or more.

In two instances of tests in more southerly regions of the sea (58-590 N) the water
surface temperature amounted to 00-1. 70,

The winter convective- and wind-mixing had equalized the vertical water-tempera-
ture trend to the bottom (-1. 50), making it thermally homogeneous. Spatial temperature
measurements were not made during the course of ship maneuvers in the experimental
area, and observations were made only near accumulations of floating ice.

An influence of hydrometeorodological processes (internal waves, currents, etc)
to alter the temperature distribution was not observed. No duirnal trend in water sur-
face temperature was observed. Therefore the statistical treatment of the data was
limited to the computation of averages (15-min samples), the calculation of average
-temperatures T over the aircraft operating time, computation of their mean-square
deviations from the average S' and the dispersion 6.

In Table 3-1 and in the Appendix are given water temperature measurements made
during aircraft flights. 'Table 3-1 gives values over the entire flight; il Appendix 111-[.
these quantities are given for each 15-minutes.

As indicated by the observed data, the fine-scale variability of the water surface
temperature, both spatially and in time, was negligible in the experimental area. Tac-
average water temperature over the operational area was above the average multi-year
figure by 1. 00-1. 50C (Figs. 3-2, 3-3). Temperature variations were mainly caused by
the type of atmospheric circulation: the varianceof its fluctuations amounted to 0-0. 040;
the mean-square deviations were 0-0. 20, related to air-water temperature contrasts
and significant wind speeds. The minimum surface temperature variability was ob-
served with weak winds and air temperatures close to the water temperature.

In the analysis of the infrared radiometer records attention was given to the large
variability in surface temperature as compared with simultaneous measurements from
shipboard using a mercury thermometer: in most of them the dispersion was larger by
a factor of 1. 5 or even 2 than that for the contact thermometer measurements. This is
evidence of the larger variability of the thermal processes at the water-air interface as
compared with the deeper layers and of the higher sensitivity of IR-radiometers.

3. 3. Radiation temperature measurements of the ice surface. Local ice forms in
the northern region of the Bering Sea during the autumn. The ice cover of the northern
Bering Sea in the experimental area was an accumulation of fine broken ice. This was
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,TABLE 3.1. Simultaneous Measurements of Surface Tempera- /22
ture (GMT) by the IR-Radiometer (TIR) and a Mercury Thermo-
meter, their mean-square deviations S' and Dispersions <

Date Time TIR " %- - 6
(Greenwich) (CO) (C0

15-IG.I 22.30-03.50 -0,14 U,I6 0,02 -0,43 0,05 0,002
16-I7.1I 21.30-01.00 0,0 0,I4 0,02 -0,I 0,08 0,006
19-20.11 21.30-01.00 -0,I U,I 0,01 0,0 0,08 0,006

20-2I.II 21.30-01.30 0,3 0,I 0,0I 0,32 0,I O,OI

22-2.hi 21.30-01.30 -0, 0,2I 0,04 -0,44 0,I U,OI

23-24.I 21.30-01.45 0,0 0,14 u,u2 0,2 0,12 0,01

26-27.11 23.15-01.30 1,7 0,0 0,00 I,7 0,03 0,00

28.II -
I.11 21.30-04.00 -1,45' O,I 0,01 -I,I O,I 0,0I

2-3.m .23.00-02.15 - 0,2 0,15 0,02

5-6.m 21.30-02.15 -1,65 0,13 0,0I -1,3 0,I 0,0I

7-8.M 23.00-03.00 *) - I1,3 0,23 0,05

*Shipboard.,IR-measurements were not made dueo to stormy
weather.

autumn-winter ice, with all stages of its develolpmcnt, from glass-ice to white Ice with
individual inclusions (1-2 points) of ice of autumn origlin. The ice surface was usually
covered by 5-7 cms of snow; however fields of fine broken ice and gray ice were found
without snow cover, water-permeated.

The most widely-distributed ice forms (age-wi-,) were the gray and gray-white
formations. Young forms (glass-ice, floating snow accretions) which had been formed
in open areas of pure water due to its drift in marginal regions caused by currents and,
in past, by winds. The overall amount of young forms did not exceed 3 points. Finely-
broken ice predominated in the experimental area (floes of size less than 20 m); this is
attributable to their breakup by wind and buckling.

As a consequence of the comparatively large influx of warm air from the southern
regions of the sea and its overall warm-up, the southern edge of the ice was 90-100 miles
north of the many-year average (Figs. 3.2, 3.3). The frequent outflow of southern
storm winds into the experimental area and the shigt to the north promoted a considera-
ble ice drift, whose velocity (daily average) reached 20 miles/day. This yielded a
variety of ice formations, from glass ice to autumn ice of thickness greater than one
meter.

The temperature of the ice surface is an important quantity characterizing the physi-
cal state. Many IR-records were made of the surface temperature of various ice
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formations, which may be the characteristic defining the temperature of the ice, /24
particularly when considering the relative temperature variations.

Ice thickness measurements were made together with the radiation temperature
measurements with the ship (not underway) in drift ice.

Based on an analysis of all ice-surface radiation temperature measurements,
Table 3.2 presents the data ordered in terms of the various age characteristics of the
ice.

We note that if the air temperature is close to that of the sea water (-1. 70 to 1. 80C),
the ice-air thermal contrast almost disappears (not more than 0. 20 C), shile with air
temperatures below zero this contrast is increased to 150-200C. This calls attention to
the fact that near the edges of the ice field there is considerable variation in the radia-
tion temperature of the ice. This diversity is greater the more diverse the develop-
mental forms caused by dynamic factors. In connection with the fact that the age char-
acteristics of ice are closely related to its thickness, it seems possible to judge its
thickness from radiation temperature measurements (Fig. 3. 4).

It should be noted that the thermal contrasts at the ice-air interface can only yield
correct information related to the growth and structure of the ice if they are determined
under conditions of stable ambient air temperature; otherwise we must obtain a relation-
ship for the transition to different temperatures.

3.4. Wave characteristics from weather ship "Priboi" data. The sea wave char-
acteristics in the operational area of the Bering expedition were established directly
from on board the weather research ship "Priboi" and from a radar survey.

The sea state a: the "Priboi" position was recorded on two wave-gages. The mean
value of wave height and period were established at the end of each menasuring period
with a special devic,2 and a meti.hod of accelerated reduction of wave records. The wave
records in thei Berii;,, expedlllon were takelt during aircraft operations above the lilp,
when it was in open water. in view of the fact that the wave processes remained essen-
tially unchanged ove; the time of each flight, the measurements were made once, over
a long enough period to yield satisfactory statistical characteristics. Average values of
wave height and period were established during each measuring period, using a device
specially developed for this purpose. After ending each record the wave records were
reduced using an accelerated technique and transmitted to the aircraft by radio (mean
wave height, 5%-expectation height, mean period).

Initial reduction of wave records obtained in the experiment was carried out aboard
ship. The differential functions of wave height and period shown in Fig. 3. 5 were con-
structed from the wave records.

Table 3.3 gives sea state measurements from the wave-recorder data. Included
are the wave heights and periods, the 15% expectation, the ratio of wave height to period
and the wave and wind characteristics as established by visual observation.

The data in the table indicate that in most cases the sea state was combined with
the prevailing swell.

Statistical processing of the measurements was accomplished on a computer, after
the cruise; the results are given in Table 3.4, where data are given on the average
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TABLE 3. 2. Radiation Characteristics of the Bering Sea Ice-Cover /25
in the Infrared Range

aPa ia- Tetne-
aTa Bpea XapaKTpaCTK Aa ia mH- parypa

XaH TeM B03-

(cM) nepaTy- Ayxa
pa asAa

1) 2) 3) 4) 5) ) 6)(oC)

I.W 09.00 MTra, iex~Ha Karna 7)
(9 dazJOB) - -I,7 -6,8

15.11 15.00 XeaPan iama 8) - -3,0 -8,9

19.11 16.00 Cnezypa 9) 5 -3,8 -8,9

I4.H 15.00 TosaxLi aRac 10) - -3,4 -13,0

I5.11 10.10 MeaKO-dIT1 6A C myroll I5 -5,0 -12,9

21.1 16.30 eX.jtKO-d3TNf cep~U JI
UponIATaH BO9O 'I 12) I0 -4,5 -12,6

21.11 16.50 MenLo-dNTsf JnA,nHponITara
BOAOn 13) - -3,6 -13,0

15.II 08.50 Mexxo-daTuuft a 6.rmaaTMfl
neA 9 daAxao 14) 30 -5,0 -12,8

I5.H 09.10 MeMwo-duOITUfl J 9 daz.noB - -6,4 -12,8
15'

14.11 13.45 MonoAoil c.iadoTopoc!ctoT
i6A 16) - -6,1 -12,3

15.11 08.35 Mc1eo-nu .ri (doxoe
ItpyiuIe aLntulu) 17) 18) 30 -6,2 -12,8

15.11 09.42 Icno-6~irutf l 6i; drIaTuf Xi 50 -7,4 -12,8
15.11 14.41 l11iMnrTUdl di~A (cepil) 19) - -7,3 -12,8
21.11 1t;.58 WnoI(-d1TIun 6Acopun

6-4 JUIo 20) 30 -7,5 -13,0
15.11 "::.05 iRlnna (Ao 20 M) 21) 50 -II,0 -13,0

6.1U L.00 MieJIodrTfil jibA c aURMA
ciloroM I0 CM 22) 50 -7,0 -15,3

6.1 II.00 T o x e 30 oM 23) 70-80 -II,0 -14,5

6. 1H 10.00 T o x e 20-30 cM 24) 50 -6,8 -14,3
22. 12.00 E Tul (I CO oHeroM

(5-6 cM) 25) 120 -11,3 -12,1

KEY: 1) Date; 2) time; 3) ice characteristics; 4) thickness (cm)
5) Radiation temperature of ice (oC); 6) air temperature (oC);
7) sludge ice, crushed ice; 8) crushed ice; 9) floating snow concre-
tion; 10) thin glass ice; 11) finely broken ice with sludge; 12) finely-
broken white ice permeated by water; 13) finely-broken white ice
permeated by water; 14) fine-white and pancake ice, 9 points;
15) finely-broken ice, 9 points;.16) fresh ice hummocks; 17) finely-
broken ice (layer blocks); 18) finely broken and pancake ice; 19) pan-
cake ice (gray); 20) finely-broken ice; gray, 6-7 points; 21) floes (up
to 20 m); 22) finely-broken ice with white snow 10 cm; 23) same, 30
cm; 24) same, 20-30 cm; 25) broken ice with snow (5-6 cm). 17



TABLE 3.3. Wave-Recorder and Visual Data on Sea State

1) 2) Bowjmorpa~ane Hs- 4) Bsa Pasue ad6. 1LeRHf

3 ) MepeaJ: 5) B o e n e
3eaTa acu 7 3 d Be ep8)

15% I5% - Boe 6)9
cm Buco- Bsco- Hanpa- Han.a- Co-

cmse Ta a Bene Bxeaze pooT

S- 9M a. rpa m/ce 11)

I6.H 2.25 208 5,4 38,5 2,5 20 14

16.11 23.31 237 7,2 33 2 4 30 20 12
-2 80

20.11 22.36 171 7,1 24,I 2,5 350 12

22.11 23.00 293 12,2 24 0,5 4 200 100 9
3 130

23.1 6.13 280 12,4 22,6 1,5 4.5 200 100 IO
2 130

23.1 21.26 245 12,8 19,1 0,5 4 230 20 5
3 150

26.11 23.30 343 9,8 35 2,5 4,5 150 IIO 15

27.H 3.21 303 10,2 30,2 2,5 4,5 150 90 14

KEY: 1) Date; 2) time; 3) wave-recorder measurements; 4) visual
observatiins; 5) wave state; 6) wind-wave; 7) swell; 8) wind;
9) height (in); 10) dircction (deg.); 11) velocity (m/sec).

values xave, the va-:ance D, the mean-square deviation 6'and the maximum heights
xmax and periods o: -he waves.

As can be seen from the table, the sea state during the experiment was quite uni-
form. Clearly, to study the microwave radiation of the water surface and the effect on
it of different stages of wave development, special experiments, with the measurement
of wave slopes or stereo photo wave surveys are required.

3. 5. Characteristics of the horizontal parameters of sea waves in the Bering ex- /29
perimental region. A radar picture of the sea surface was obtained by a side-looking
radar installed aboard an AN-24 ice-survey aircraft. Flights were made at an altitude
of 3000 meters, the survey was made at a 1:100,000 scale. In two flights made in
accordance with the program "B" option (Feb. 16, 1973 and March 7, 1973) 30 pictures
of a 15 x 30 km area were obtained. The flight plans and survey coordinates are shown
in Figs. 3. 6 and 3. 7. The flight paths were selected so that three radar pictures with
directions of illumination differing by 900 were obtained for the same section of the sea
surface.

A visual analysis of the radar pictures of the wave surface showed that the nature of
the picture depended only slightly on the direction of illumination, but for wind waves the
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TABLE 3.4. Statistical Reduction of Wave-Records /28

STp _iro P BUC OTHl BOJM 9 ) 1 OIH- Bonm
SJZo- AaTa Vaci HaPnpa c, - I have ve 4 2 sec se

z po mn m m sec sec sec
1) _ 2) 3)__ rpa5 ,ie 7)

I 16.11 2.00 20 14 76 1,35 2,40 1,55 3,41 3,5 13,7 3,7 5,9
2 I6.U 2.25 20 14 226 1,27 2,31 1,52 3,17 4,I 23,5 4,9 9,1

3 16.1 23.31 20 12 137 I,b9 3,19 1,78 3,30 3,79 16,8 4,1 7,7
4 20.11 22,36 350 12 206 1,I4 1,69 1,3 2,35 5,2 30,7 5,6 13,1

5 20.J 23,20 350 12 183 1,13 1,58 1,26 3,06 5,17 30,3 5,5 10,9
6 22.I 23.00 100 9 - 130 1,84 4,75 2,18 4,74 6,1 47,5 6,9 12,5
7 23.11 6.13 100 10 131 1,82 4,32 2,08 5,39 7,4 35,8 6,0 18,15
8 23.1 21.26 20 5 63 1,57 3,26 1,8 4,02 8,4 82,8 9,1 16,8
9 26.11 23.30 IIO 15 152 2,I2 5,87 2,42 6,02 7,1 52,8 7,3 13,9

10 27.1 3.21 90 14 148 1,87 4,54 2,13 4,19 7,2 62,I 7,9 14,4

KEY: 1) Wave-record; 2) date; 3) time; 4) wind; 5) direction (deg.); 6) velocity (m/sec);
7) number of waves; 8) wave height; 9) wave period.



best relief was obtained with the direction of illumination toward the direction of motion
of the waves. Analysis of the two-dimensional spectra obtained by optical processing
of the radar pictures also agreed with this conclusion.

The radar spectra reflected to some extent the spectra of the wave slopes in the
direction of illumination. However, due to the narrow-band spectra of the wind waves
and swell (in frequency and amplitude), there is little difference between the wave-relief
and wave-slope spectra normalized to the maximum. Hence the wave parameters were
established directly from the radar picture spectra.

An analysis of the radar pictures of the sea surface obtained in the flight of March
7-8, 1973 and their 2-dimensional spectra show that a complex spatial structure of the
agitated sea surface existed at the time of survey. The wind system had two clearly-
expressed maxima in the wave-number plane; each of the sub-systems was very narrow-
band and differed in frequency and direction. The main directions of these wind-wave
systems are shown in Fig. 3. 8. The first wave-system forms an angle of -260 with the
direction of illumination (U-axis in Fig. 3.8) and the second an angle of +110. Thus the /30
main directions of these systems are developed with an angle between them of 370. The
direction of the bands of foam is clearly seen on the radar pictures. They coincide in
direction with the second system of waves. The wind direction at the time of survey can
be established from the direction of the foam zones. The first wave system, which de-
viates by -370 from the wind direction, was evidently formed somewhat earlier, when
the wind was from a different direction. The wind then changed direction to form the
second wave system. Therefore the first wave system has the nature of swell waves.

The wave length corresponding to the maximum of .the spectral. density of the first
system is J, = 119 m, and the wave length of the second system is , 2 = 101 m. In the
approximation of the integral, one-dimensional angle-spectrum by a function of the form
(CO" ) ., the coefficients of the angle spectrum for tac first and second systems are
mi = 30 and m 2 = 10, respectively. Cross-soctions ofl the two-dimcensional spectra,
normalized to the maximum and extending in the main dlirections of each system are
shown in Fig. 3. 8b.

Due to the interaction of these two systems, the r,-oup wave structure is clearly
expressed on the sea surface. The direction of mov:-lent of the wave groups, as estab-
lished from both the radar picture and the two-dimensional spectrum of the picture, de-
viate by 170 from the first wave system and by 200 from the second, i. e. about midway
between them. By averaging the group_wave lengths, as determined from the picture and
its spectrum, we get the same value, Agr = 640 m.

In a direction perpendicular to the wind at the time of survey, a weak swell wave
system was detected.

However, in the optical processing of its spectrum, the spectrum of the foam zones
was superposed, which ruled out the possibility of accurate measurement. The average
swell wavelength was approximately .s = 200 m.

A picture of the sea wave stage on tack 7 (see Fig. 3. 6) was prepared from the
radar wave-survey data (16-17 February 1937). An analysis of the radar pictures and
their two-dimensional spectra indicated that several wave systems were observed on the
sea surface in this flight: the first system of wind-waves had A, =91 m and angle
al = -340 with the direction of illumination; the second system of wind-waves had /31
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, 4 =93 m and an angle a2 = + 100; the first system of swell waves hat 4, =210 m and an
angle a3 = -340; the second system of swell waves had 4, =230 m and an angle a4 =+260.

A diagram of the wave system directions is shown in Fig. 3. 9a; Fig. 3. 9b shows

sections of the two-dimensional spectra over the main directions of each wave system.

In analyzing the radar picture obtained during the flight of 16-17 February 1973, a

group structure of the wind waves was not observed. However the radar picture of the

sea surface was spotty in nature, which is possibly attributable to the interference of

all form sea-wave systems observed in the survey.

TABLE 3. 5. Salinity and Chlorine Content of the Sur- /33
face Layer of the Sea

a) b)BpeMA c)KcopzuiaT TeAnepa- Xxlop- CoAe-
JaTa (r -Typa - HOoCT HOCTb

Bxaa) mpoTa oJrOTa T Bou O/oo  Oo o

d) e). f) oC g) h)

-I 2 3 4 5 6 7

15.11 11-43 61007' 178036' -00.77 17.91 32.360

16.H 11-40 -61 30 177 07 -01.02 18.04 32.590

17.11 5-52 60 28 177 19 -00.16 18.13 32.750

1?. 18-00 60 27 177 II -00.18 18.19 32.860

18.H. II-52 60 27 177 23 -00.28 18.23 32.940

18.11 17-49 60 24 177 33 -00.31 18.20 32.880

19.1 5-53 60 57 178 29 -00.51 18.18 32.840

I3.fl 11-40 60 50 178 23 -00.08 18.21 32.900

2).l 0-00 60 43 178 32 00.14 18.27 33.010

20.H 11-40 60 36 178 40 00.05 18.23 32.940

21.11 II-35 60 50 178 36 -00.62 18.I6 32.810

22.1 6--03 60 28 178 06 -00.50 18.13 32.750

22.11 23-40 60 20 177 05 -00.46 18.13 32.750

23.11 17-51 59 33 177 38 01.02 18.28 33.030

23.1 23-25 59 30 177 00 00.10 18.21 32.900

24.R 11-35 60 28 178 12 -00.34 18.15 32.790

24.11 18-04 60 25 178 13 00.10 18.19 32.860

24.H 23-50 61 03 178 32 -01.28 18.05 32.610

25.11 5-59 61 12 178 35 -01.26 18.05 32.610

25.1 11-40 61 IO0 178 54 00.70 18.22 32.920

26.1 17-49 61 08 178 54 00.56 18.25 32.970

26.11 23-57 59 28 178 04 01.71 18.28 33.030

27.1 5-42 59 35 177 59 01.01 18.25 32.970

27.H 11.42 60 I0 177 00 -00.56 18.11 32.720

28.11 5-33 60 23 177 02 -00.82 18.15 32.790

28.11 23-45 60 42 177 46 -01.12 18.09 32.680

I.W 5-43 60 24 177 55 -00.52 18.12 32.740

See key at end of table. . 21



TABLE 3.5. (Continued)

I 2 3 4 .5 6 7

I.m 11-40 60017' 178004' -00.49 18.18 32.840
I.1 17-52 60 07 178 02 -00.46 18.18 32.810
I.m 23-46 60 08 177 59 -00.42 18.20 32.880
2.M 6-00 60 01 178 09 -00.40 18.15 32.790
3.11 17-51 59 40 177 07 00.18 18.22 32.920
3.11 23-40 60 20 178 06 -00.58 18.14 32.770
4.11 5-52 60 18 178 21 -00.10
4.111 23-45 60 I4 178 48 01.22 18.32 33.100
5.1 1-42 60 35 178 39 -00.62 18.I8 32.840
5.X 18-03 60 32 178 50 00.04 18.21 32.900

KEY: a) Date; b) time (GMT); c) coordinates; d) N. lat.;
e) W. Long; f) water surface temperature oC; g) chlorine con-
tent (%); h) salinity (%).

In this way, two-dimensional spectral analysis of the radar pictures allowed us to
establish the number of systems of waves, the location of the maxima of the spectra in the
wave-number plane and, from them, the directions and mean wavelength of each system,
and Tto estimate the one-dimensional angular- and -frequency-spectra of the waves.

3. 6. Data on salinity, chlorine content and degree of surface foam coverage. TI'e
tasks of the oceanographic- and hydromechani.cal-complemcnt of the "P'riboi" specified!
the establishment of operational stations down to a depth of 500 meters along the shilp'4
course.

In connection with the fact that only data on the surface layer of water are needed 'or
interpretation of the microwave measurements, Table 3. 5 gives the results of the ma-o
surements of temperature, salinity and chlorine content of the surface layer of the sea
water in the experimental area.

The data of Table 3. 5 indicate that the salinity and chlorine content can be taken to
be constant and equal to 33 and 18 parts per thousand, respectively, with accuracy good
enough for interpreting the microwave measurements of the emissivity of the sea sur-
face.

Small-scale formations connected with the collapse of waves during storms (foam, /32
spray) introduced a significant contribution into the microwave emission. The degree of
foam coverage of the sea can serve as a characteristic directly related to the wind speed,
with the condition that the relationship between these quantities is known. Data in the
literature indicate that the percentage of surface covered by foam is proportional to the
square of the wind speed. Therefore a visual estimate of the degree of foam coverage of
the sea surface was made aboard the "Priboi" and attempts were made to develop the
relationship between wind speed and amount of foam.
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TABLE 3.6. Degree of Foam Coverage of Sea Sur- /35
face

b) B p o M CTeneas CRopoCT,
ravaia Rol= noKpaTHT BeTpa

JaTa zOB uoIi o ne-
Mtep- .3.pe- HOt i/C eK

a) c)H2 ) nl e) % f)

15-16.11 22 30 00 SO 20 14-15
00 45 03 00 15 13-15

I6-I7.U 21 30 01 00 15 12-14

20-21.11 21 30 01 30 5 11-14

23-24.H 21 30 01 45 0 4-5

26-27.H 23 15 01-30 15 14-15

28.11 -
I. 21 30 02 I5 5 10-12

28.1 -
I.m 02 30 04 00 3 10-II

2-3. 23 00 02 15 20 17-21

5-6. 21 30 22-15 3 12-14

7-8.3 23 00 23 45 10 21-22

7-8.M 00 00 02 15 15 18-21

7-8. UI 02 30. 0.3 .00., -10 .19

KEY: a) Date; b) time; c) start of measurement;
d) end of measurement; e) degree of foam coverage
(%); f) wind speed m/sec.

Figure 3.10 is a plot of the visual estimates of the area of the sea surface covered
by foam (in %) made during the Bering expedition and the corresponding wind speeds.
Although the number of points is not large and they exhibit considerable scatter, the main
region in which they are concentrated can be bounded by the following analytic curves:.

S = 0. 096 V2

S = 0. 028 V2

Although this is a rather crude approximation, the very fact that it is possible to
describe the link between wind speed and degree of foam coverage of the surface by a
quadratic relationship is encouraging.

Tables 3-6 give data on the visual observation of the degree of foam coverage of the
sea surface made on board the "Priboi" during the experiment.
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CHAPTER 4 /36

AIRCRAFT MEASUREMENTS

4. 1. Brief resume' of airborne microwave instrumentation and measurement pro-
duce. A four-channel radiometer, operating at wavelengths of 3, 0-1. 6-, 1.35- and
0. 8-cm, was installed aboard an IL-18 aircraft.

In view of the experimental task - measurement of the sea state, ice cover and
precipitation zones - the measurements on three of the wavelengths (3. 0, 1. 6- and
0. 8-cm) were used in the initial processing. The measurements at these wavelengths
during operations in program options A and B were made in a non-scanning mode. In
option B the viewing angle t9 was held constant over the entire time of measurement. In
option B the measurements were made with a variable viewing angle: at 3. 0-cm the
viewing angle was varied between 00-75o (from the nadir), and at 1. 6- and 0. 8-cm be-
tween 00 and 850.

In program option C operations (ice-survey) the radiometer operated at 3. 0-cm in a
scanning mode, and the maximum temperature contrasts were simultaneously recorded
along each line. The 1.'6- and 0. 8-cm radiometers operated at the nadir ( 6 .=0) in a
non-scanning mode.

When determining the sea state (wave-state-option B) the measurements were made
during turns to obtain data at the largest sighting angles, which are of most interest in
-terms- of the ef-fect of-waves on the radio radiation. In this case'the sighting angle was
defined as the sum of the antenna setting angle and the angle of bank of the aircraft. This
measuring technique yielded data on the relationship between radio brightness tempera-
ture and wave state that is averaged over azinmuth (when banking, the aircraft actually
moves over a small-radius perimeter) and it does not seem possible to separate out the
influence of the direction of wave propagation.

Option B measurements at 3.0-cm were made with two polarizations: at 1. 6- and
0. 8-cm measuremcf.;:s were made with horizontal polarization only. In all other cases
measurements werl. made only with horizontal polarization.

4. 2. Results of aircraft microwave measurements. In accordance with the mutu- /37
ally-adopted technical plan for conduct of the experiment, the measurements made with
the non-scanning radiometers are presented graphically (Appendix IV. 2). These graphs
show the dependence of the radio brightness temperature in degrees absolute (ordinate,
scale 0.5 deg/mm) on time (GMT, on abscissa, scale 3 sec/mm). Plotting in the time
coordinate was made possible by the fact that the times of passing all check points were
shown on the preliminary charts. In option B operation, as pointed out above, in addition
to horizontal passes there are rotations in turns above one point (selected as point "C"
near the position of the "Priboi"). In this case the time coordinate bears a conditional
nature. The instantaneous values of radio-brightness temperatures cited in Appendix
IV. 2 are not time-averaged and their mean values are determined only by the time-con-
stant of the gear. In subsequent averaging and interpretation we shall use an average
based on the specific option of the measurement program.
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Combined chart-diagrams, coordinate tables for check points and times of passage
over them as plotted from chart-diagrams obtained in a preliminary calculation by the
American'side, are given in Appendix IV. 1.

In view of the fact that scale reduction occurs when reproducing graphical material,
an album of charts in the specified technical plan scale is appended to the report as
working data.

In program option C operations, using a 3. 0-cm scanning radiometer (horizontal

polarization) in accordance with the technical plan, ice-field pictures are obtained to a
1:1000, 000 scale. Figures 4-1 and 4-2 show plots of the microwave surveys of 20
February and 5 March. Since reproduction degrades the quality of the plots, the origi-
nal plots (to working scale) are given in the Appendix.

4. 3. Results of radar survey with the AN-24 aircraft. An areal radar survey with
a side-looking radar was conducted to gather objective information on the properties and
distribution of the ice-cover in the ice test areas during program option C operations.
The survey was made with the AN-24 ice-survey aircraft, which entered the test area as
soon as both the IL-18 and CV-990 aircraft had completed their operations. The maxi-
mum time interval between the radar and microwave surveys was no more than 3 hours.
In view of the small variability of the ice state over this time interval, the surveys can
be considered to be essentially simultaneous. For interpretation of the microwave sur-
vey plots, Figs. 4-3 and 4-4 give plots of the radar survey relating, respectively, to
21 February and 6 March. The radar survey of 21 February covers only 70% of the area
of the test polygon. The survey of 6 March is of satisfactory quality and covers the
boundaries of the assigned square at 20-30 km. A detailed analysis of the ice conditions
from the radar survey.is given in.Cha~pte.r-2 of.this report. --The .rada r survey plot is to a
1:1000,000 scale.

4.4. Airborne ,hermo-hygrometer measurements. The airborne thermo-hygro-
motor is designed fc' the mcasurmcniet a nd recording of atmospheric humicity at the
dew-point and at air ;enmpcrature. 'IThe humidity measurement is made using the
"dow-point" method, which cons:ists of measuring the temperature at which the water
vapor concentration in the air is the saturation concentration.

The air tempe'r .ure measuring limits are -650C-40 0 C and the relative humidity
limits 20-100%, with instrumental measuring errors of ± 0. 30 in temperature and ±5%
in relative humidity. The thermometer lag, when measuring the air temperature, is no
more than 1 second. For technical reasons, humidity measurements were made only up
until 20 February, 1973. Tables of airborne sounding of the atmosphere are presented
in Appendix IV. 3.

4. 5. Measurements of cloud water content. Measurements of the water content of /39
clouds were made using an instrument operating on the calorimetric principle of

TABLE IV. 1

H km 0,5 0,6 2,0 3,57 4,10 4,30 4,60 4,80 5,50

g/m 3 0,oII 0,26 I,60 I,03 0,IS 0,47 0,30 0,07 0,05
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measuring water content ("hot-wire" method). The essence of the method consists of

comparing the temperatures of two heated bodies, one of which is in a stream of cloud

aerosal and the other is screened from the cloud particles. Profiles of the cloud water

content changes were measured in the flight of 2 March, according to option A.

Table IV. 1 gives the data for water content as a function of altitude, and Fig. 4. 5
shows the plot of its variation with altitude, with the types of clouds indicated.

The equipment was inoperative during the first flight (option A) of 26 March due to

strong icing conditions.

4. 6. Results of airborne heat-scanner measurements. The airborne heat-scanning
infrared radiometer operating in the spectral region 3.4-4. 1 microns. The heat-scanner

yielded black-white pictures of the radiation temperature of the underlying surface and

of the upper edges of clouds. The momentary angular field of view of the instrument was

0. 20, and the angle of scan was 600. The scanning band was to the left of the flight direc-

tion. Thus, when flying in accordance with program option C, a continuous areal survey
was not obtained with the heat-scanner, but only individual passes. Figure 4. 6 shows a

plot of the IR-survey of the ice-fields from the passes of 20 February, and Figs. 4. 7
and 4. 8 are illustrations of individual passes from other program options. The IR-pic- /40
ture is given to standard scale 1:1000, 000.

4.7. Infrared radiometer measurements (8-12 D). The infrared radiometer is
designed to measure the radiation temperature of the surface and clouds. Measurements
were made in the 8-12p window, with a linear field-of-view angle of 220. The sensitivity
of the instrument was about 0. 10, accuracy ±5%.

Radiometer measurements were made on 15 February and 2 March. Option C mea-
surements were made on 15 February, and option A measurements on 2 March. The

TABLE IV. 2

15 February 1973

Bue.A Buco- Pagna- BpeMa Baco- Pa~gna- Paa-
DiT Ta MoI-t. Ta iUon- Bpenm Buco- rmon-

(M) Tei ie- an a T a nan
paTypa (M) TeUne- Tenne-

(0oC) paTypa (M) paTypa
1) 2) 3) 1) 2) 3)(C) 1) 2)_ 3XO

I 2 3 _ I 2 3 I 2 3

22 21 9000 -15,9 22 38 9000 -21,9 22 54 9000 -11,6
22 9000 -18,5 39 9000 -19,5 55 9000 -13,5
24 9000 -17,9 40 9000 - 9,8 56 9000 -14,8
25 9000 -18,6 42 9000 -12,9 58 9000 -19,2
26 9000 -15,7 44 9000 -14,2 59 9000 -12,8
27 9000 -18,3 45 9000 -18,5 23 22 9000 -19,4
35 9000 -17,1 46 9000 -13,5 23 9000 -10,2
36 9000 -16,0 51 9000 -13,4 24 9000 -11,2
37 9000 -15,4 53 9000 -16,9 25 9000 - 9,4

See key at end of table.
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TABLE IV. 2 (Continued /41

1 2 3 1 2 3 I 2 3

23 26 9000 -11,6 22 55 9000 -16,3 01 12 4900 -12,5
27 9000 - 9,2 56 9000 -15,7 13 4900 -I2,5
28 9000 -14,1 57 9000 -16,8 14 5500 -14,2
29 9000 -16,0 58 9000 -16,9 15 5500 -17,8
37 9000 -15,3 59 9000 -17,1 16 5500 -20,I
38 9000 -12,8 23 00 9000 -21,3 25 5500 -14,8
41 9000 - 8,7 01 9000 -1I,1 26 5500 -15,7
42 9000 -11,9 02 9000 -15,5 27 5500 -17,5
43 9000 -11,6 03 9000 -16,3 28 5500 -16,9
44 9000 -10,9 04 9000 -18,2 29 5500 -18,1
45 9000 -14,2 05 9000 -21,9 30 5500 -12,8

0119 9000 -22,8 06 9000 -17,7 31 5500 -13,8
20 9000 -20,0 07 9000 -15,5 32 5500 -11,6
21 9000 -17,6 ' 08 9000 -13,2 33 5500 -18,4
22 9000 -17,5 00 40 9000 -19,0 34 5500 -14,4
23 9000 -18,3 41 9000 -18,5 35 5500 -13,9
25 9000 -16,5 42 9000 -20,9 36 5500 -14,3
26 9000 -15,3 43 9000 -14,1 37 5500 -11,8
27 9000 -20,0 44 9000 -18,4 38 5500 -17,1
28 9000 -17,8 45 9000 -20,3 39 5500 aII,I

02 25 700. -7,9 46 9000 -18,4 51 5500 3,8
26 700 -10,4 47 9000 -24,5 52 5500 5,8
27 700 -10,7 48 9000 -18,5 53 5500 4,I
28 700 -II,8 49 9000 -17,3 54 5500 4,2

51 9000 -.18,I 55 5500 4,0
4) 2 nUTaD 1973 r 01 01 3600 -12,2 56 5500 3,I

02 3600 -16,4 57 5500 3,8
22 46 9000 -21,0 03 3600 -I4,j 58 5500 3,I

47 9000 -20,2 04 3600 -21,z 59 5500 2,7
48 9000 -20,9 05 3600 -16,4 02 00 5500 I,I
49 9000 -19,1 06 4000 -16,2 01 5500 2,7
50 9000 -20,2 -07 4000 -16,9 02 5500 2,5
51 9000 -I,0 08 4000 -14,9 03 5500 2,2
52 9000 -20,2 10 4250 -11,2 04 5500 2,2
53 9000 -19,3 II 4250 -I6,5 07 b500 1,5
54 9000 -15,7

KEY: 1) Time (GMT); 2) altitude (m); 3) radiation temperature
(OC); 4) 2 March 1973.

nature of the cloudiness is given in the airborne sounding tables (section 4.4). Table IV. 2
gives the radiation temperatures as a function of time for these two days.
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4.8. Aerial photo-survey data. The aero-photo survey (IL-18 aircraft) was made /42
using standard aerial camera equipment of focal length 70 mm and frame size 180 x 180
mm.

The aerial photo-survey was made for interpreting the results of the microwave
ice-cover survey in the presence of suitable weather conditions. The aero-photo survey
of 20 February covered only part of the test area, since the surface was screened by
cloud-cover. The survey of 5 March was made entirely over the ice test polygon. In
addition, on 7 March (option B - sea waves) an optimal frame-by-frame aero-photo sur-
vey was made; the areal characteristics of the sea state can be established from these
pictures, together with an estimate of the percentage of foam-covered surface. Both
plots, 20 February and 5 March, together with the frame-by-frame survey of 7 March
are shown to standard scale, 1:1000, 000.

CONCLUSIONS

This report contains the results of a preliminary reduction of the airborne micro-
wave measurements and of the auxiliary airborne- and ship-measurements needed for
subsequent interpretation.

Certain of the data relating to airborne actionmetric- and aerosol-measurements
are not presented in this report since they have not yet been completely processed.

Subsequent processing will consist of an analysis of the results obtained, compari-
son with theoretical calculations and a determination of the basic metcorological param-
eters that describe the state of the sea surface and atmosphere. Comparison with the
analogous results of the American measurements will be made for overlapping portions
of the courses.
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APPENDIX II. 1 /43

RADIOSOUNDING DATA TABLES

Coordinates: 16 February 1973 /44

61.00 N Time - 11. 3

178.00 W Cloud cover - 10/10 cb

H P T LL d V

I 2 3 4 5 6

0 1007 -9,9 81 020 13

0,2. 961 -14,0 96 040 I3
0,b 943 -17,5 89 043 14
I,0 882 -21,0 88 055 16
1,5 824 -25,2 85 040 17

2,0 769 -27,9 74 043 13
-8 669 -3!,9 -.65 -029 I10
4 579 -38,3 34 035 06
5 500 -43,8 54 ?60 05
6 431 -45,8 46 -38 02
7 370 -48,8 43 :238 03

8 318 -50,2 38 420 03
9 272 -50,2 37 220 03

I0 234 -48,3 35 : 0 02
II 201 -47,2 32 . '05 04
12 173 -46,7 31 209 08
13 149 -46,6 30 212 IO0
14 128 -47,0 28 200 12
15 IIO -47,3 27 193 13
16 95 -47,0 24 192 13
17 81 -45,9 25 206 12

18 70 -45,6 25 195 II

19 60 -46,5 23 180 10

20 52 -46,6 23 180 10

21 4b -46,8 22 180 IO

22 38 -4'7,0 21 179 II

23 .33 -47,I 20 165 08

24 28 -48,0 19 144 07
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Coordinates: 17 February 1973 /45

60.6 N Time - 9h 18 min

178. 0 W Cloud cover - 8/8 cb

H P T CL v

0 1009 -12,9 90 040

0,2 983 -15,6 90
0,5 944 -19,0 89
I,0 883 -20,8 79
1,5 825 -19,8 67 045 16
2,0 771 -23,I 60 044 .12
3- 671 -30,5 66 045 09
4 582 -35,0 59 045 05
5 504 -42,4 58 163 06
6 434 -44,7 49 210 12
7 373 -49,0 44 208 II
8 320 -51,4 41 198 08
9 275 -49,8 39 180 06

I0 236 -48,3 36 180 05
II 203 -47,2 j4 178 06
12 " 174 -47,6 32 175 07
13 150 -4'7,3 31 175 IO0
14 129 -45,2 28 160 IO0
I5 III -4b,3 27 160 09
16 170 13
17 . 173 08
18 175 07
19 175 08
20 175 09
21 172 08
22 142 06
23 I23 06
24 173 09
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Coordinates: 17 February 1973 /46

60.0 N Time - 14 h 06 min
178. 0 W Cloud cover - 9/9 cb

H P T U l

0 1007 -11,8 80 020 12

0,2 981 -15,0 82 030 14
0,5 943 -18,I 83 030 13
I,0 882 -20,6 73 033 12
1,5 824 -21,2 64 030 12
2,0 770 -24,7 62 028 I0
3,0 670 -33,0 b3 035 06
4 580 -36,6 46 154 01
5 502 -42,3 48 216 07
6 432 -47,0 48 210 12
7 371 - 50,2 47 201 14
8 '58 5I,'6 -46 '208 'II
9 273 -bI,6 44 210 09

10 234 -49,2 43 199 08
II 201 -48,9 43 197 08
12 173 -48,7 41 192 07
13 148 -46,6 40 185 10
14 128 -47,7 40 181 10
15 IIO -46,9 4U 180 10
16 94 -47,I 39 180 09
17 81 -47,0 38 I80U I0
18 70 -46,6 37 192 09
I9 60 -46,7 36, 208 08
20 52 -46,4 36 1.88 07
21 44 -47,6 35 170 06
22 38 -47,5 34 170 05
23 33 -48,0 34 161 06
24 28 -48,1 34 171 08
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/47
Coordinates: 21 February 1973

60.5 N Time - 11 hr 42 min

178.7 W Cloud cover - 9/9 cb

H p T U L dct v

0 1010 -12,0 92 i00 12

0,2 98S -14,4 97 360 12
0,5 945 -17,0 97 007 II

I,U 884 -I,8 96 015 14
1,5 828 -12,4 85 021 04

2 776 -I,I 83 02b 07
3 680 -21,6 90 338 07

4 593 -27,I 89 041 04'

5 515 .-34,2 72 .0.0 .U5
6 445 -41,2 6? 034 06
7 883 -48,2 69 121 06

8 j29 -54,8 68 254 03

9 281 -53,7 63 -298 I0

I0 241 -51,4 57 280 II

II 206 -50,8 57 26b 10

12 177 -48,6 57 265 12

I8 152 -48,2 56 268 12

14 II -46,5 55 272 II

15 113 -48,7 54 275 08

1I6 97 -48,7 49 250 08

*17 83 -49,4 47 203 07
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Coordinates: 22 February 1973 /48

60.9 N Time - 11 h 36 min
178.3 W Cloud cover - 6/6 Cu

8 P 'T L . "

0 IOII -9,6 81 090 IO0

0,2 985 -12,3 82 085 13
0,5 947 -13,7 84 085 14
I,0 887 -II,I 83 092 14
1,5 831 -II,I 80 III 14 •
2 779 -12,6 78 130 16
3 682 -19,2 72 140 14
4 596 -24,5 54 140 .09
5 519 -26,6 33 164 03
6 451 -31,3 29 230 06
7 391 -38,I 30 230 07
.8 .338 -45,,9 .24 245 09
9 290 -53,8 38. 245. II

IO 248 -58,6 41 247 16
II 211 -59,5 40 231 15
.12 181 -52,4 38 235 19
:'3 155 -51,9 35 235 16
14 133 -50,7 32 235 18
15 I14 -51,4 30 231 18
T6 98 -51,4 30 225 16
17 84 -49,I1 29 225 15
18 72 -48,7 28 225 14-
19 62 -49,4 27 224 13
20 )53 -50,3 27 217 II
21 46 -50,3 26 215 IO
22 39 -51,4 26 210 09
23 33 -51,7 195 07

.24 29 -53,3 190 07
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Coordinates: 24 February 1973 /49

59.5 N Time - 09 h 06 mid'
177. 0 W Cloud cover - 10/6 Cb, As

H P r ua cT -

0 1003. -0,6 91 020 05

0,2 978 -2,0 91 015 06

0,5 941 -4,1 91 00b 08

1,0 883 -6,9 92 010 08

1,5 828 -10,4 92 045 03

2,0 775 -I,9 93 271 03

3 678 -18,8 88 145 04

4 592 -25,7 89 145 07

5 514 -32,4 88 140 10
6 446 -39,7 87 154 17
7 384 -45,1 79 150 28

8 330 -48,,2 66 149 32

9 284 -49,5 57 155 31

10. 244 -49,3 51 160 22

II 209 -48,3 48 162 20

12 180 -48,8 45 166 18

13 154 -47,6 42 168 18

14 Iu3 -48,0 40 167 19

15 II4 -44,7 39 175 17

16 98 -47,5 37 175 18

17 84 -46,2 36 175 20

18 73 -45,5 35 162 18
19 63 -47,4 35 159 18
20 54 -bO,4 35 176 18
21 46 -50,7 35 180 13
22 39 -52,5 35 175 07

23 34 -51,9 160 07

24 29 -51,7 155 08
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Coordinates: 24 February 1973 /50

59.5 N Time - 13 h 00 min
177. 0 W Cloud cover - 10/7 Cb, As '

H P T c _V

0 1005 0,2 88 360 05

0,2 980 -2,9 90 360 05
0,5 944 -4,8 92 018 05
I,0 886 -7,0 90 343 06
1,5 831 -9,9, 88 330 06
2,0 778 -13,4 88 035 03
3 682 -18,8 87 093 02
4 595 -25,9 86 130 02
5 517 -32,7 85 145 10
6 448 -38,5 83 145 13
7 387 -43,8 70 145 25
8 .33 .-46,1 .55 ..147 -29
9 286 -48,2 46 158 26
IO 246 -48,1 42 160 20
II 211 -50,5 39 160 20
12 181. -50,1 36 169 17
13 155 -49,4 35 177 18
14 134 -48,1 33 169 19
15 115 -46,2 31 195 16
16 99 -49,4 30 179 I7

I17 85 -45,6 29 172 21
18 73 -47,9 29 166 21
19 63 -47,0 28 166 17
20 54 -48,I 27 190 16
21 46 -51,0 25 190 13
22 40 -52,7 24 190 09
23 34 -b3,3 25 182 08
24 29 -b3,0 175 08
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Coordinates: 27 February 1973 /51

59.6 N Time - 09 hr 42 min
178.1 W Cloud Cover - 10/10 Sc

H T L d -V

0 1001 0,2 91 070 18

0,2 976 -1,5 92 100 19
0,5 940 .-4,6 94 115 19

I,0 882 -8,2 72 140 12
1,5 827 -II,4 49 120 14

2 775 -II,4' 8I 120 13
3 679 -16,4 23 116 18
4' 594 -21,0 19 134 23
5 518 -27,I 18 115 32
6 450 -33,8 20 115 24
7 389 -40,8 21 II0 17
8 335 -48,6 21 II0 20
9 287 -55,2 21 124 20
10 246 -55,8 22 123 26
II 210 -48,8 22 121 22
12 ISI -47,8 21 125 II
13 155 -47,0 20 121 II
14 I4 -46,0 20 115 09
15 115 -48,6 19 115 09
16 99 -49,4 19 II115 08
17? 85 -49,I 18 115 09
18 73 -51,2 19 IIO II
19 62 -52,3 18 105 IO
20 53 -52,6 17 096 07
21 46 -54,0 17 093 05
22 39 -53,9 16 IIO 03
23 33 -54,2 16 110. 08
24 29 -55,9 16 IOI II
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27 February 1973 __2

Coordinates: Time - 13 hr 06 min
59.4 N Cloud cover - 10/10 Sc, Cu
178.2 W

H P T _ _

0 1002 0,2 92 IIO I5

0,2 977 -1,8 95 100 16
0,5 941 -3,8 94 120 16
1,0 884 -6,5, 95 135 14
1,5 828 -9,4 95 137 12
2,0 776 -11,8 94 145 II
3 680 -17,0 47 115 15
4 595 -19,8 32 125 20
5 519 -24,7 30 125 28
6 452 -31,7 33 120 30
7 391 39I -39,,0 - 31 118 28
8 338 -45,6 30 115 22
9 290 -51,6 30 II6 22

IO 248 -54,2 30 120 26
II 213 -51,0 30 129 25
12 183 -47,8 30 130 15
13 157 -47,2 30 136 13
14 135 -46,0 29 140 IO0
15 116 -47,4 28 140 07
16 100 -48,5 28 139 08
17 86 -49,I 28 129 06
18 74 -50,7 28 125 07
19 63 -52,0 28 125 08
20 54 -52,0 28 125 06
21 46 -53,3 28 125 04
22 40 -53,8 28 125 03
23 34 -54,0 II4 05
24 29 -55,0 105 07
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Coordinates: 1 March 1973 /5___

60. 7 N Time - 8 hr 54 min
177. 8 W Cloud cover - 5/1 Cu, Ci

H P T I ctl

0 1015 -7,4 78 040 II

0,2 990 -9,6 77 055 16

0,5 952 -12,6 76 05b 14

1,0 892 -9,2 63 070 14
1,5 836 -8,8 41 070 IO
2,0 784 -10,5 30 070 12
3 688 -15,6 40 050 13

4 602 -20,0 39 060 12

5 524 -28,6 44 060 17

6 455 -36,0 58 060 18

7 393 -43,0 47 051 13

8 338 -50,2 49 060 16

9 289 -59,0 54 059 19

IO 246 -62,4 55 059 12

II 210 -54,9 47 C70 12
12 180 -51,7 37 C85 05

13 154 -.49,7 31 085 06

14 132 -48,6 26 038 07

15 . I114 -48,3 24 T 08

16 98 -48,6 22 135 08

17 84 -49,3 22 113 08

18 72 -51,6 21 121 08
19 62 -50,9 21 150 IO0
20 b3 -51,0 21 113 08

21 45 -52,0 20 100 09

22 39 -52,2 18 115 12

23 33 -53,0 19 117 II

i24 28 -53,I 120 ' I0
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Coordinates: 1 March 1973 /54

60.7 N Time - 14 hr 30 min
177. 8 W Cloud cover - 10/1 Ci, Cu

---------------------------------- -------

H P T L -V v

0 1015 -5,8 81 050 12

0,2 989 -7,3 80 040 12
0,5 952 -9,5 80 050 13
1,0 892 -9,2 69 050 II
1,5 837 -10,0 58 053 12
2 784 -9,6. 51 065 09
3 688 -15,0 51 060 07
4 602 -22,3 52 051 09
5 524. -30,0 59 030 II
6 454 -35,6 70 040 12
7 393 -41,9 72 043 15
8 338. -49,9 72 045. 16.
9 289 -59.,0 -73 045 18

IO 246 -63,2 72 039 14
II 210 -53,5 68 035 07
12 180 -52,7 60 035 01
13 154 -50,9 54 065 02
14 132 -49,6 49 145 03
15 114 -48,8 46 145 02
16 97 -47,8 43 131 05
17 84 -50,3 42 130 07
18 72 -50,3 40 131 06
19 62 -51,5 39 118 06
20 53 -52,7 38 103 IO0
21 45 -52,8 38 120 08
22 39 -51,7 37 128 08
23 33 -53,0 36 120 09
24 28 -53,8 107 10
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/55
Coordinates: 3 March 1973

58.8 N Time - 10 hr 30 min
173.9 W Cloud cover - 9/6 Cb, Cu, Ci

- P T LL L V
0 999 - 9,6 81 080 17

0,2 973 -12,2 81 090 16
0,b 935 -14,6 71 094 19
I,0 875 -Ib,8 41 I06 17
1,5 819 -16,0 28 115 14

2 767 -15,6 20 120 12

3 671 -18,1. II 121 12
4 586 -25,1 55 182 05

5 510 -27,3 78 210 II

6 444 -32,0 79 210 18.

7 384 -39,6 78 210 16
8 331 -47,5 77 210 19

9 284 -55,I 76 206 27

10 242 -60,b 74 :Ib 22
II 207 -53,0 66 326 18

12 177 -52, U0 59 215 15

13 152 -50,I 51 :315 14

14. 130 -52,0 43 245 IO
I5 I112 -52,9 39 245 IO
16 96 -54,0 36 223 I0
17 82 -51,6 36 200 09
18 70 -4,,7 33 170 06
19 60 -51,4 29 160 06
20 52 -51,0 27 160 09

21 44 -52,2 25 153 09

22 38 -51,9 24 14b 09
23 32 -53,6 22 142 . 10
24 28 -b3,0 20 140 II
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Coordinates: 3 March 1973 /56

58.2 N Time - 14 hr 48 min
172. 8 W Cloud cover - 10/10 NS, *

H P T2 . f -J

0 993 - 9,6 85 080 17

0,2 967 -12,0 85 080 18
0,5 930 -14,5 85 097 15
1,0 871 -13,7 85 117 13
1,5 816 -13,3. 86 143 12
2 764 -14,8 85 178 II
3 668 -19,0 83 162 07
4 583 -23,0 81 192 II
5 508 -28,7 81 180 II
6 441 -33,6 74 180 II
7 382, -40,0- 50 169' 14
8 32-9 . 48,0 -49 ..162 II
9 282 -52,2 49 186 15
10 242 -bl,4 46 199 15

II 208 --48,2 45 21I 14
12 178 -48,2 43' 208 15
13 153 -48,2 41 226 17
14 132 -50,0 39 225 14
15 113 -50,9 39 225 13

16 97 -50,8 40 225 14
17 83 -52,2 40 225 14
18 71 -52,4 40 225 II

19 61 -50,7 40 207 II
20 52 -51,2 39 175 13

21 45 -51,0 39 175 09

22 38 -52,0 39 175 08

23 33 -52,2 175 07

24 28 -52,2 151 08
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Coordinates: 6 March 1973

60.7 N Time - 09 hr 06 min
178.6 W Cloud cover - 1/1 Cu

H f T ut cL

0 1007 -13,8 77 060 II

0,2 980 -16,4 81 054 17
0,5 942 -18,0 bI 056 16
1,0 881 -16,2 59 070 13
1,5 825 -Ib,8 37 070 08
2 772 -17,6 35 052 05
3 674 -24,0 62 160 02
4 587 -28,6 47 062 04
5 510 -34,6 36 210 03
6 441 -J8,0 35 260 4'
7 381 -43,5 47 247 .28
8 328 -47,6 58 240 32
9 28I -54,0 61 240 38
I0 240 -60,9 61 231 30
II 204 -b9,6 58 22b 17
12 174 -56,2 53 225 16
I3 149 -54,5 47 225 14
14 128 -52,0 39 225 IS
15 IIO -52,0 37 225 17
16 94 -bI,4 36 225 21
17 80 -50,6 34 231 21
18 69 -50,6 31 235 18
19 59 -50,8 30 235 15
20 51 -52,9 29 234 14
21 43 -51,9 29 227 14
22 37 -52,7 237 12
23 32 -52,2 250 IO
24 27 -51,3 250 IO
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Coordinates: 6 March 1973 /58

60.9 N Time - 13 hr 36 min
178. 6 W Cloud cover - 5/2 Ci, Ac, Cu

0 1006 -14,8 85 050 I0

0,2 980 -16,8 86 045 II
0,5 941 -16,4 75 069 12

1,0 881 -14,3 46 075 09

1,5 825 -14,3 36 070 06

2 772 -16,8 32 030 03

3 . 675 -21,0 52 .160 02
4 589 -26,6 40 135 03

5 512 -32,3 35 185 02

6 444 -36,4 32 266 17
7 . 383 -40,.6. 42. 254 26
.8 330 -47,0 .9- 245 27
9 283 -53,9 55 239 27

10 242 -61,I 55 235 29

II 206 -57,2 55 235 17

Iz 176 -b3,8 48 235 17

I3 151 -51,0 40 230 I6

14 130 -bO,2 37 230 16

15 III -50,4 32 230 17

16 95 -46,5 30 231 18

17 82 -47,6 29 235 17

18 70 -50,8 25 235 18

19 60 -50,I 27 235 17

20 52 -49,6 27 235 13

21 45 -48,I 27 235 12

22 38 -49,5 24 235 10

23 33 -49,2 239 IO0
24 28 -47,5 253 II
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/59
Coordinates: 8 March 1973-

60.3 N Time - 09 hr 48 min
179. 3 W Cloud cover - 10/10 Cb, V

0 998 -14,8 95 040 20

0,2 972 -17,8 96
0,5 934 -21,6 97 050 24

I,0 873 -15,0 . 85 070 24

1,5 817 -14,2 70 075 17

2 765 -16,4 77 075 17

3 670 -18,3 82 085 II
4 585 -21,4 54 084 07
5 510 -26,0 - 59 075 04
6 443 -33,3 68 169 06
7 -384 -40,7 5 191 08
8 331 -48,2 74 196 09

9 283 -b6,I 72 220 10

10 242 -64,5 70 217 10

II 206 -57,3 67 211 10

12 176 -50,7 61 220 II

13 151 -52,5 56 220 12

14 129 -52,4 51 220 13

I5 III -51,6 49 220 15

16 95 -bo,0 46. 220 17

17 82 -49,7 45 220 19

18 70 -47,9 44 220 14
19 60 -49,6 43 218 12

20 52 -48,2 42 216 12

21 44 -49,3 205 II
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APPENDIX II. 2 /60

TABLES OF STANDARD METEOROLOGICAL OBSERVATIONS AT 15-MIN INTERVALS

'rWaaTe J 0. oa i) w) sq) 
r) S ) u

2245 00 178 0 0 1 5 - -0,4 400 -II,5 2,3 78

23 6100 178 00 20 20 I3 0 v f 74.8 -0,5 -0,4 I- Cb 400 0 -II,5 2.3 78

000 1 00 78,00 10 0 4 7, -8,9 -04 CL 400 z -10.1 2,6 

0035 00 178 00 I 30 4 0, . 755,4 -9,7 -0,4 I OCb 400 0 0 -10.1 2,6 88000 5 1 00 178 00 10 30 15 0,4 f 75, -10.7 -0.4 I 06 400 0 0 -IIu 2.4 86

045 60 /80 0 Ia . -,

0 0 100 278 00 20 20 1 0 75-9 -0,4 [0 Cb 400 0 x -II,5 2,3 81

OI S I 00 178 0 0 ,1 0, ~Jf 7I ,6 -9,5 -0,4 IO Cb 400 0 0 -II,0 2,4 82

02 I5 S M00 178 00 , 0 b n f 5, -. -0,4 Cb 400 0 -II,0 2,4 8

00 600 78 0 [ U 15 K fl 7[5,e -2. -0,4 20 Cb 0 0 0 -I2,0 2.4 88

02 30 20 80 0 20 5 , n I, -0, 0 Cb 400 0U 0 -IIU. 2.4 8
0230 600 i27 00 2 00 I4 u' 1  []n 752, -9. 9 -0,5 0 Cb 400. r I, 2. 2 7
02 45 36 00 178 0 IO 20 13 r 7 - -0,5 ,5 2,3 8

KEY: a) Greenwich time; b) ship's position (de. ); ) N. Lat.; d) W. long; e) overall sky cover;
f) true wind; g) direction (deg); h) velocity (m/sec); i) visibility (km); j) hydrometerologial phe-
nomena (start-finish); k) corrected atmospheric pressure above sea level (mm); 1) air tern. CO;m) water tern. Co; n) cloudiness; o) humidity; p) form (lower); q) height (lower or upper); r) form
(middle); s) form (upper); t) dew point temperature CO; u) absolute (mb); v) relative (%). w) amount
(lower or upper);

0I o 6100 18 O 1() 20 5 021 0 n 7) 5. -1 .2 -,4 0 Cb 40 x -115 23 8



I 2 3 4Z5Z 6 7 8 9 10 I 12 I 3 I _4 IIb I6 I .18 .
0300 61 00 18 00 1I 10 IO II 0,5 1 n 755.5 - 99 .-05 I I CbI 400 x x -II,0 2,4 85

16-17 February 1973
21 30 60 31 178 00 1 40 14 1.5 *'n 756,8 -12.7 -0.2 gI Cb 400 0 0 -12,0 2.2 95

21 45 60 28 I'1 00 10 40 14 I,0 1 n 756.6 -12.4 -0,I 10 Cb 400 x x -12,0 2,2 95

22 00 60 25 178 00 40 14 1,5 'n 756.6 -12,7 0.0 En Cb 400 0 0 -12,0 2,2 95

22 15 60 20 178 00 40 14 1.5 'n 756.6 -12,7 o0, U Cb 400 0 0 -12,0 2,2 95

22 30 60 I I178-00 50 13 I. 0 o ' 56.6 -12,3 0,0 0 Cb 400 0 0 -12,0 2,2 96

22 45 60 13 178 00 40 12 1.5 'n 756.2 -12,0 -0,I E Cb 400 0 0 -12,0 2,2 91

23 00 60 10 178 00 [ 40 12 2,0 'l 755,8 -12.5 -0,I I] Cb 400 0 0 -11.5 2.3 97

23 15 6010 18a O0 40 12 2.0 'l 758.6 -12,3 -0.2 [1O Cb 400 0 0 -12.0 2.2 94

23 30 60 00 178 00 g 40 12 2.0 'nl 7b.5 -12,I1 -0,2 0] Cb 400 0 0 -12.0 2,2 92

23 45 60 00 178 00 20 12 2.0 Vn 7t.7 -II,8 -0.I 0 Cb 400 U 0 -12.0 2,2 90

00 00 60 00 178 00 20 12 2.0 'n 755,6 -12,5 0.0 0 Cb 400 0 0 -12.0 2,2 93

00 15 60 00 178 00 10 20 12 2,0 ql 'rs,4 -11.4 0.0 C C 400 0 0 -12,0 2.2 b5

00 Y0 60 00 178 00 Q 20 12 3,0 [fl ' ',2 -12, -0,I Cb 400 0 0 -12,0 2,2 90

00 45 60 00 178 00 8 30 14 3,0 4] j 7b5.4 -12.1 -0.2 8 Cb 400 0 0 -12,0 2.2 90

01 00 60 00 I8 00 9 30 14 1,0 1~ I 75 .8 -II.I -0,2 9 Cb 400 0 0 -II,0 2,4 89

19-26 February 1973

21 0 60 43 178 30 7 IO IfI I,b I Ve 752,8 -15,2 -0,I 7 Cucr 500 0 0 -14,8 I,? 94

I1 4b 60 43 178 30 8 I0 III 1,0 v O2  '752.b -15.0 0.0 8 Cuo 500 0 0 -14,2 1,8 94

22 00 60 43 178 30 8 20 I 1i,0 Y y 752.7 -15,5 0.0 8 Cu. " 500 0 0 -14., I,7 93

22 15 60 43 178 30 7 20 11 1.0 
j  v o 752,4 -15,1 0,0 .I7 & meLd 500 0 u -14,8 I,7 89

22 30 60 43 178-30 8 20 II 0.6 j 'f Yeo 751,4 -IS,I 0.0 8 (" 500 0 0 -14,8 1.7 Q9

22 45 60 43 178 30 8 20 II 1.0 v ~ 0* 752,2 -Ib,4 -0,2 8 cu c~n 500 0 U -1o,5 1,6 89

23 00 60 43 178 30 7 10 II 2,0 v 6 752,5 -14,9 -0,2 7 Cu hFu 500 0 0 -14.8 1,7 86

23 15 60 43 1 /8 30 7 10 11 1,5 .Y o 7?'2.1 -I5.3 -0.2 7 c b00 0 0 -155 1.6 87

!f



I 2 3 4 5 6 7 8 9 IO II 2 I Is IS1 19 19
23 30 60 43 178 30 7 Io II 2.0 v o 752,0 -Ib,3 -0,2 7 C'f' 500 0 0 -14,8 1,7 91

23 45 60 43 178 30 6 IO II 1.5 j vo 75I, -14,9 -0,2 6 500 0 0 -15,5 1,6 84
00 00 60 43 1'8 30 6 IO II I,b Jf7v 151,9 -14,7 -0,2 6 u bOO 0 0 -14,8 1,7 86cuit
VO 15 6U 43 178 30 8 IU 12 1,5 Jf 'il,8 -14,9 0,0 8 Curt bOO 0 0 -Ib,5 1,6 84
00 0 60 43 178 30 8 IU 12 0,8 jff f 7.I,7 -Ib,I +0,I 8 C Lnt 500b 0 0 -14,8 1,7 87
00 45 60 43 178 30 9 10 12 0,8 jff Y 7bI,4 -14,5 0,I 9 ciir'- 500 0 0 -14,8 I,7 i
OI uO 60 43 178 30 6 0I I2 I,5 J 'ry 751,2i -I4,5 0,1 6 Cr mAd 500 0 0 -14,2 1,8 88

C.L cg

20-21 February 1973
21 L0 60 30 1740 10 360 14 0,8 fHY n 75I,5 -12,7 -0,4 IO C bCUo.g 400 x x -12,0 2,2 9*
21 45 60 30 178 40 10 360 12 ,8 0ff Y 751,7 -12,7 -0,4 10 Cbuctus 400 x x -12,0 2,2 95
22 00 60 30 1'18 40 IO 360 12 0,6 Iff y '/I,B -13,1 0, IO C6 400 x x -12,5 2,1 V5
22 Ib 6U 30 178 40 E 360 12 0,6 J 751,?7 -12.8 U,5 I CbSc 400 0 0 -12,b 2,1 3
22 0 60 30 1/8 40 1 3bs 12 U.6 .i7f 751,8 -12,7 0,5 [ Cb 40 0 0 -II, 2.3 9?
22 45 60 0 178 40 bIOI 5 12 U,5 g fffl 751,8 -12,0 0,4 U C"Cb 9 40U 0 0 -12,0 2,2 9S
23 uO 6u 3U IVt/ 40 9 350 12 1,0 Ff n 72,1 -12,7 0,4 9 CbCucog 400 0 0 -IZ,U 2,2 92
2315 60 0 I/ 4u t I 12 ,0 j afl 752,2 -2,.5 0,4 8 Cb 400 U 0 -I2,b 2,I1 90
2330 60 30 178 40 8 350 12 I.0 ' fn 752,4 -12,5 0,4 8 Cb 400 0 -12,0 2.2 94
23 45 60 30 178 40 v 250 12 1,5 ffj n 7Z2.4 -12,2 0,4 8 Cb 400 0 -12,0 2,2 94
00 00 60 0 178 40 9 350 12 .0 f 652,6 -12,1 0,4 8 Cu co 400 0 -II,5 2,3 i4
00 15 60 20 I78 40 9 3b, 12 1,0 ff (1 752,6. -12,0 0,3 8 Cu corg 400 0 -11,5 2,3 94
00 30 60 30 178 40 D 360 II I,0 'f rn 752,8 -12,0 0,3 [ Cu corI 400 0 0 -12,0 2,2 92
00 45 60 30 178 40 ( 360 I I,0 f n 753,0 -II.7 0,3 9 Cu cor 400 0 -12,0 2,2 86
0100 60 30 178 40 360 II 1.0 i f 7b3,1 -12,3 0,4 9 CU cort 400 0 -12.0 2,1 .i
01 I5 60 30 178 40 9 36011 1I,0 0'.ffJ 7'b3,I -12,2 0,4 8 Cu con 400 0 -12,0 2,2 89

01 30 60 30 178 40 7 360 II I,0 o'Jff 753,I II,8 0,I 7 Ca coAg 400 0 0 -12.0 2,2 92



2 I 19

23-24 February 1973
21 30 )9030 ' 

I77000 '  
I0 3b0 4 10 ~9 0' 72.4 -0,8 0.1 I 700 As Ac Cs -2,0 5,2 91

21 45 bl 30 17700 I bo Iu 5 o 7D2.5 -0,7 0,I 4 Cu ed 70 Ag C -I.7 5.3 91
22 00 b9 30 17 00 10 360 - 7c.2,7 -0,8 0,1 6 Cu L rn 700 Ac dB -2.0 5,2 91
22 15 30 177 00 10 360 5 I olb 752.7 -0,7 0,1 6 i. nd 700 AS CS -I,7 5,3 I
22 30 9 i0 1/7 00 IO 340 4 Is 0 - "' /z2,7 -0.4 0,1 6 Cu med oo AS X -1,5 6,4 91
22 45 9 0 1 7'00 10 34U 4 I : ) 752,8 -0,3 U,i 8 CU.mld 7u0 AS x -2,0 ,2 87
23 'J 59 30 177 10 120 4 i.5 " F 72,8 -0,3 U,I 7 CIamed /00 AS x -I,b 5,4 91
2J 15 59 3 i, 00 10 320 5 Is I Ti 733,3 -0,4 0,1 I0 Se o 600 x x -I.7 5,3 89
23 0 59 30 1/ UU 10 300 D Is f 753,4 -u., 0,I 10 CL 5e 600 x X -1.5 5,4 91
23 45 59 30 17/ w 10 360 5 J,0 v" 0' 73,4 -0, 0,I1 8 Cbcap 600 AS tr I -1,5 b,4 91
u0 00 59 30 Ir, 00 10 360 b 1,5 @" 753,5 -U.7 0,I1 8 Cbca 600 AStr r -1,3 b,b 9*
00 15 59 30 Ir 00 10 360 4 1.5 o 7?3,6 -0,3 0,2 8 Cb 600 As z -1,5 b.4 91
00 30 5- 30 I7700 10 360 4 1.5 o" 753,6 -0.3 0.2 8 Cb 600 A$s x -I.5 5,.4 9!
00 45 59 30 I77 00 10 340 5 2.,0 ~" = 73.6 -0.4 0,2 8 Cb 600 Ans~ I -I,b B.4 91
01 00 59 30 17/ 00 E 340 b 3, U 7.3.6 -1,0 0,3 6 Cb 600 Ac z -2,0 5,2 92
CI 15 59 30 1'7 00 8 340 5 10 0 753.6 -0,) 0,4 5 CIucoru 600 Ac CL -2,0 5,2 89
C: 30 59 30 177 00 8 340 5 I0 753,6 -0.9 0,4 5 CuCvcuj 600 Ac CL -2.0 5,2 90
01 4 b9 30 I'/7 00 8 340 5 10 7" 73,6 -0,9 0,4 5 CLur 600 Ac CL -1,7 5,3 93

26-27 February 1973
23 15 I 9 39 178 04 10 II0 14 15 n 751,4 0,2 I, 10 6c;Cuf 500 x x -1,4 5.5 88
23 30 59 28 T17 04 10 IIO 1 4 Ib f 7bI,2 0,2 I.7 10 cSct 500 x x -1.4 5,5 88
23 45 b9 28 1I8 04 10 IIO 14 5 F 751.2 0.3- 1.7 IO0 cl , 500 x x -1,4 b,5 88
00 00 s9 28 178 04 10 II0 I4 15 p '/lI,4 0,1 1.7 I0 Sc 500 x • -1,4 b,5 9000 IS 59 28 178 04 IO 110 I4 15 f" 7bl.b 0,I I.7 10 00. boo I • -0,07 5,8 94
00 30 59 28 '1/8 0 I0 II0 14 IS , 7rI,b 0,1 1,7 10 ~ 500 • x -0,3 6,0 98

tr 00 x x -03 60 9



I 2 3 4 5 6 8 9 10 IT I i I I b I L 18 19

0045 59028' I78004' 10 90 15s Is 751,5 0,I I,7 10 Sc 00 x x -1,4 5,5 90
01 00 9 28 18 04 10 90 14 I l 7)1,4 03 1,7 10 Sc bOo x x -0.5 5,9 94
01 I0 59 28 18 04 IO 110 14 IS n 751,4 0,2 .1,7 0I Sc o00 x x -0,3 6,0 96
01 30 9 28 17804 10 IIO 14 I I 791,4 0.2 1.6 10 Sc 500 x x -0.3 6,0 96

28 February - 1 March 1973
21 L0 60 37 177 54 4 40 II 30 0. 761,6 -7,0 -I,2 2 CI k6, 400 x C j -9,7 2,7 73
21 45 60 39 77 50 5 40 II 30 0. 761.7 -6,7 -1,2 2 Ca h LPMl 400 0 Cc s, -9,7 2,7 74
22 00 60 42 177 46 3 50 10 30 0. 76I,e -6,5 -1,2 2 Ctk ku 600 0 ( C -9,3 2,8 74
22 Ib 60 42 1I' 46 b 90 IO 30 O' 761,8 -4,9 -1,2 I Ca kK 600 0 Ci 2, 6
22 30 60 42 177 46 5 50 I0 30 761,7 -5,8 -I,2 I Ca uLu 600 U CL~6 -9.3 2,8 70
22 45 60 42 177 46 5 50 10 30 0o 761.5 -6,2 -I,0 2- Cu hrn 600 0 C 5 -9 2,7 69
23 00 6U 42 177 46 6 50 II 30 0' 761,5 -6,2 -I,0 I Cu "un 600 0 Ci S? -93 2,8 72
23 I5 60 42 177 46 8 40 12 3U 0' 76I.b -6,3 -I,O I C. ka1u 600 0 C Sp -I10,6 2.5 56
23 30 60 42 IV 46 10 00 12 30 0 761.3 -6,3 -,0 I Cu kan. 600 0 C Sp -IU,I 2.6 69
23 45 60 42 177 46 10 so I2 30 o '16I,I -6,6 -10O I Cu ham 600 0 Ci ;p -I110 2,4 65
00 00 60 42 I9 46 7 4U I2 30 O' 761.1 -6,7 -I,0 I Cu hu 60O 0 Ci p -10,1 2,6 71
00 I5 60 42 177 46 7 40 II 30 ' 76I.I -6,6 -I,0 I C rku 600 0 C, -10,1 2.6 68
00 30 60 40 177 48 7 50 IO 30 0- 761.,2 -6,5 -1,0 I Cu. 600 0 C,, -9,7 2,7 72
00 4b 60 4I 177 50 1 50 IO 30 O" 761,5 -6.7 -I.0 I Cw. hai 600 0 Cs -Io,I 2.6 71
OI 00 60 37 177 54 9 50 IO 30 0' 761,5 -6,7 -I,0 I C u 600 0 C so -IC,I 2.6 7:
01 I5 60 37 177 54 8 50 IO 30 0' 761.0 -6,6 -I,0 I Ca una 600 0 CL sp - 9,3 2,8 74
01 30 60 L7 177 b4 8 b0 IO 30 O' 761,3 -6,5 -I,0 I Cu kum 60u 0 CL sp -I0,6 2,9 66
01 45 60 37 177 54 8 90 Io ~ 0 761.3 -6,2 -1,0 I C. It 600 0 Ci SP -11,0 2,4 64
0200 60 37 177 54 8 50 IO 30 0' 76I. -5.9 -1,2 I Ct 600 0 Cis -~u, 2.4 62
02 I5 60 37 177 54 6 40 IO 30 o0 761i3. -6,I -1,2 I C I 600 0 ci sP - 9,7 2,7 70
02 30 60 37 '17 54 6 30 10 30 0" 761,4 -6,I -1,2 I (h w1 600 0 Ci s - 9,3 2.8 72



7 1 o2 I  14 1 I I
02 4o 6 037 77 54 m 1 0 * 7 64 - .i - 2 2 45Co " 600 0 C60 

37.' 
-8.8 2,9 750 60 37 17754 8 30 1 30 0' 761.2 -6.1 -I,2 I Cu. IUL, 600 0 Ci Sp -0.7 2.7 70

04uO 6037 1754 7 40 10 3 761, -6,0 -,2 .I k 600 0 C' SP8,5 - ,0 7823 30 60 37 177 80 747,6 - 10,21 70 0 600 0s C -10,0 2.4 8

023 I 36 179 IO 80 21 4 " 747.5 -9,5 0,4 7 
-5I00 As - 0 2,54 8

230 6832 I 32 IU 70 20 4 O 74.51 -9,6 : 0u.4 7 C 5S0 U X -Iu,6 2.5 852 45 58 29 73 26 .0 50 o 4 0 4.1 -9,6 0,4 0 f,C As xE -0,1 2, 87
0000 5828 17319 0 70 8 4 746,8 - 0, I0 r, Ch 0 00 C x x - 0 2, 80002I 5828 73 2 I 0 0 20 4 [] 74. -0, 0,4 IO Cr lC 500 x -I , 2,5 857
0030 58 27 / 173 IS IO 0 20 4 463 0,2 0 CarCb 00 x X -II,0 2,4 85

00 45 58 26 173 10 0 0 20 4 74,2' -I I 0, 4 0 C 00 X -II06 2,4 89
01200 85 2 173 06 10 70 8 4 ) 746,2 -10,5 0, 0 Ch 00 x - 0,8 2,5 920 25I 58 23 173 04 0 70 I8 4 ?460 -10,5 0,0 10 Ch 500 x X -10.6 2.5 9

00 30 588 2 5 10 70 2l I 7464,5 -10,5 0,0 0 bw 500 x X -10,6 2,5 9101 45I 8 17 172 52 0 60 20 I 744, -10.3 0,0 I N 500 x x -10,I 2.6 90
01 00 58 I6 17248 IO 80 27 . 744,1 -10,2 0.2 IO d 500 x x -IOI 2,6 8902 I5 68 16 172 48 10 80 17 I 44,2 0,4 0,2 0 C 500 x -10, 2,6 89744,2 10,4 0,2 IO 500 x -IO,I 2,6 96

2130 6043 27835-6 March 1973

2: 5 60 46 1'18 32 50 I 30 o 7.4.7 -14.3 -1, 2 C i. Ium, '00 o22 00 60 48 178 28 3 50 14 30 -14.3 -I,0
7M.S -24.3 -. e b0 o

l\



I 2 3 4 5 6 7 8 9 10I II 12 13 14 I5 16 17 1 8 I8 I
22 I5 60049' 17802b' 3 b0 14 30 o Jff 754,9 -14,6 -I,5 2 Ca. 500 0 Ci4 j

22 30 60 b0 178 22 2 60 13 30 70o. 7*9 5, -15 I,5 I C. bko00 0 C C
22 45 60 50 17822 4 60 13 30 ~ 7"b,2 -15,1 -I,b 2 Cu t- o50 0 0 CC

2300 60 50 178 21 5 60 13 30 0 .JT 755,0 -14,5 -1,5 2 Cu/ u.- 500 0 Cj ;l"

23 15 60 51 178 20 6 40 II 30 Off 754.9 -15,2 -I,5 I CL luu' 500 0 C4 PI

23 30 60 bI 178 20 6 40 9 30 o0 J 74,.8 -15,2 -I,b I Cu " 500 0 Cc -tf
23 45 6U 51 178 20 6 40. 9 30 of 754,8 -15,4 -1,5 2 Cu u 500 0C i
00 00 60 52 1/8 19 6 40 9 30 o jJf 754,6 -Ib,3 -I,5 2 Cu khu bO5 Ac C' -15,5 1,6 85
00 15 60 52 178 I9 4 40 9 30 0#7 754,6 -I4,5 -1,4 3 Cu. uL 500 Aa CL -14,2 1,8 s
00 30 60 52 178 19 5 40 9 30 Of 754.5 -I4,b -1,3 3 Cu 1-- 500 Ac Cc -14,2 1,8 86
00 45 60 52 178 19 5 50 10 30 (jf 754,1 -14,6 -1,3 3 Cu lu t 500 A. C -15,5 1,6 85
01 00 60 52 178 19 7 50 10 30 O5 7b4,U -14,6 -1,3 4 Ci. ~t  500 Ac C4 -14,8 1,7 86
01 I5 60 52 178 19 6 50 IO 30 OJ 753,6 -14,3 -1,3 4 Cu A,, 500 Ac CZ -14.8 1,7 83
01 30 60 52 178 19 5 50 IO0 30 O.IT 753,6 -14,7 -1,3 2 CL )urL. 500 Ac Ct -14,8 1,7 86
01 45 60 b2 178 19 5 50 10 30 0.If 753,6 -14,3 -1,3 2 C~. ku bOO Ac C1  -14.8 1,7 83
U2 00 6 b52 178 19 5 50 10 30 OJ0r  7b3,5 -I4,5 -I,3 2 Cu. 500 Ac C. -I4,2 1,6 86
02 I5 60 52 178 19 6 60 8 1 30 OJf 753,5 .- 14,3 -1,3 2 Cah 500 Ac c -14,2 1,8 86

7-8 March 1973 .
23 00 6018 179 20 0 40 22 10,1 ' 74'1,2 -14,1 1,0 CbCLLfr 400 0 0 -13,0 2,0 98
23 15 60 18 179 20 1 40 2I 0,1 I V yV' 1 747,2 -14,0 0,9 C, Cab, 400 0 0 -13.0 2,0 97
23 30 60 I8 179 20 40 21 0,1 .f Y 0- 747,2 -13,8 0,9 Cb, C fr 400 0 0 -12,5 2,I 97
23 45 60 I8 179 20 40 21 0,I nYv 7* n 746,b -14. 0,9 Cb, Cufr 400 0 0 -13,0 2,0 97
0000 6018 17920 10 40 T jI . n 747.2 -13,8 1.0IO 6 C Cfr 400 0 0 -12,5 2,1 -7
o0 lb 60 I8 179 20 01 40 21 01J 's Y f 747,2 -14,1 1,2 0 Cu copg,C 400 0 0 -13,0 2,0 97
00 30 60 17 179 23 40 21 10,I i y o* 748.8 -I3,b 1,5 D Cucol,C .Jr 400 0 0 -12,5 2.I 97
00 45 60 17 '17 27 1 40 21 0,1I s y n1 746, -13,3 1,5 I0C1or ,(lr 400 0 0 -I2,b 2.1 96
01 00 60 17 179 27 1 40 21 0,I --a Y f 741,8 -14,2 1,5 10 Cuco?,( 400 0 0 -I3,6 1,9 32

I 2 3 4 5 61 7 i 8 9 10 II 12 13 14 15 16 1? 18 9

01 15 60I7 179027 '1 F,7 40 20 0.1 v n f 746,9 -15,0 Ib Cucq.fr. 400 0 0 -14,2 1.8 92
UI 30 60 17 I7 27 ] 40 19 U.I = V 747.2 -15,0 1.4 CuCo,0fL 400 0 0 -14,2 1,8 92
1O 45 G6 I/ 1 3 28 40 19 0i,l 'V f 746.8 -14,9 1,4 0 ICco1,Cf, 4uO U U -14,2 1,8 91

02 00 60 16 179 29 40 18 0.1 Y fl 746,2 -14,7 1,4 (Cs, i , 400 0 0 -14,2 1.8 91
02 I5 6u I6 1/9 32 40 IB U,I == v l 7.i5,9 -15.2 1,4 1 6 coj,oQfr 400 0 0 -14,8 1,7 91
02 30 60 16 I- 32 1 40 19 0.1I Y P 746,I -lb,2 1.4 0 aig, (,f 400 0 0 -14,8 1,7 91
02 45 60 14 11/9 32 40 J9 0.1 Y 1 7%z.9 -15,I 1,4 Ca .( 400 0 0 -14,2 1,8 91
03 00 60 14 1'9 32 UL 40 19 01,i ~ Y ri 745,8 -15,2 1,4 . [10 ICuco j 400 0 0 -14,8 1,7 91



APPENDIX m. 1 /69

TABLES OF RADIATION TEMPERATURES OF WATER AND ICE SURFACES

15-16 February 1973 /70

a- b) Koop anTu Tetnepa- Bna- TeMnepa- Pa11i.a1-
Bpemn Typa HOCTB Tya nO- o~llHa

oepXHOCTc Teuepa-
(rpim- N. Lat. W. Long B03;ZrXa OTHOCR- eXHOGTH TOeW Opa-

B) (o) Te an 2a0l p UTyTno a BO

C) ) d (%i) TeMoM T C

22.30 61000' 178000' -9,9 77 -0,4 -0,2
22.45 61 00 178 00 -9,7 78 -0,4 -0,1
23.00 61I 00 178 00 -9,5 78 -0,4- 0,I
23.15 61 00 178 00 -10,1 78 -0,4 -0,2
23 30 61 00 178 00 -10,0 77 -0,4 -0,3
23 45 61 00 178 00 - 9,7 81 -0,4 -0,4
00 00 61 00 178 00 - 8,9 83 -0,4 -0,I
00 15 61 00 178 00 - 9,7 88 -0,4 -0,I
00 30 61 00 178 00 -10,1 - -0,4 -0,4
00 45 61 00 178 00 - 9,9 81 -0,4 -0,4
01 00. 61 00- 173 00 -10,2 - -0,4 -0,2
01 15 61 00 178 00 ,- 9,5 82 -0,4 0,0
01 30 61 00 178 00 - 9,8 71 -0,4 -0,1
01 45 61 00 .178 00 -10,1 - -0,4 0,0
02 00 61 00 178 00 -10,2 8I -0,5 0,I
02 15 61 00 178 00 - 9,9 81 -0,5 0,0
02 30 6I 00 178 00 - 9,9 77 -0,b 0,0
02 45 61 00 178 00 -9,9 81 -0,5 -
03 00 61 00 178 00 -9,9 85 -0,5 -

Average -9,8 -0,43 0,14
over flight

Mean-square deviation S 0,05 0,16
Dispersion o6' 0,002 0,02

Wind I0-500 = 13-16 m/sec

KEY: a) Time (greenwich); b) coordinates; c) air temp. (OC);
d) relative humidi ty (%); e) water surface temperature (mercury
thermometer) (OC); f) radiation temperature of water (OC).
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16-17 February 1973 /71

a) b) Koopg aT Tewnepa- Bxaz- Teunepa- Pagna-
BpeR Typa HOTb Typa no- inoaHa

BOs3yxa B epxHOCT Terulnea-
rpen- N. Lat. W. Long TesbHaa BOU1 no Typa Bo-
sava )  oC) pTraoY VA

TepmomeTpy
c) d) ( e) (OCOL__ -  (0o)

21.30 60031' 178000' -12,7 95 -0,2 -
21 45 60 28 178 00 -12,4 95 -0,I -
22 00 60 25 178 00 -12,7 95 0,0
22 I5 60 20 178 00 -.12,7 95 0,0 -
22 30 60 16 178 00 -12,3 95 0,0 -
22 45 60 13 178 00 -12,0 91 -0,I -
23 00 60 I0 178 00 -12,5 97 -0,1 -
23 15 60 I0 178 00 -12,3 94 -0,2 -
23 30 60 00 178 00 -12,1 92 -0,2 0,2
23 45 60 00 178 00 -11,8 90 -0,1 0,0
00 00 £3 00 178 00 -12,5 93 0,0 0,I
00 15 60 00 178 00 -II,4 85 0,0 0,I1
00 30 CO 00 178 00 -I2,I 90 -0,1 0,0
00 45 CL 00 178 00 -12,I 90 -0,2 -0,3
01 00 66 00 178 00 -II,I 89 -0,2 -0,3

Average value over flight -12.1 -0,1 0,0

Mean-square deviation S 0,08 0,I

Dispersion 6 ' 0,006 0,0Z

Wind 200-400 = 12-14 m/sec

Note: IR radiometer did not operate until 2330.

KEY: a) Time (Greenwich); b) coordinates; c) air temp. (oC);
d) relative humidity (%); e) water surface temperature (mercury
thermometer) (oC); f) radiation temperature of water (OC).
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19-20 February 1973
TeMne- B iax- Teiepa- PaAnaaa- /72

Bp ) b) Koop llaTr~ paTypa SHOCT Typa 110- onia
pe Bos03AY- OTHOC-. Bepxiio- ,torqnepa-

(rpui- N. Lat. W. Long xao Te na Tt BOAY .ya Bo-
-Bira) no PTYT- AU

(OC) (%) HoMY Top-
MoMeTpy (o c )

C) d) e)(o_) f)

21.30 60043' 178030' -15,2 94 -0,I -0,I

21 45 60 43 178 30 -15,0 94 0,0 -0,I

22 00 60 43 178 30 -15,5 93 0,0 0,0
22 15 60 43 178 30 -15,1 89 0,0 0,1
22 30 60 43 178 30 -15,1 89 0,0 -0,3
22 45 60 43 178 30 -15,4 89 0,0 -0,2

23 00 60 43 178 30 -14,9 86 0,2 0,I1
23- 15 60 43- 178 30 -15,3 87 0,2 -0,I
23 30 60 43 178 30 -15,3 91 0,I1 0,0
'23 45 60"43 '178 30 -14,9 84 O,I -0,I

00 00 60 43 178 30 -14,7 86 0,0 -0,I1
00 15 60 43 178 30 -14,9 84. 0,0 -0,2
00 30 60 43 178 30 -15,1 87 0,0 -0,1
00 45 60 43 178 30 -14,5 84 0,0 0,0

01 00 60 43 178 30 -14,5 88 0,0 -0,I

Average value over flight -15.0 0,0 -0,1

Mean-square deviation S 0,08 0,I1

Dispersion ,Z 0,006 0,0I

Wind I00-200 = 11-12 m/sec

KEY: a) Time (Greenwich); b) cdordinates; c) air temp. (oC);
d) relative humidity (%); e) water surface temperature (mercury
thermometer) (oC); f) radiation temperature of water (OC).
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20-21 February /73

a) b) Tenue- BRa a- TeMnepa- PaAta-
Bper~, Koop, aTU paTypa SOCTh 7.ypa no- u:iosaq

(r H- Bos3AYa OTHOCn BepXEOcT1 Tefrnefpa
Bia) N. Lat. W. Long (OC) Tesb- -Bo no Typa

Ha.s pTyTH Ay BOAS
Tepio~OeT-

0 .

21.30 60030' 178040' -12,7 0,4 0,5

21.45 60 30 178 40 -12,7

22.00 60 30 178 40 -13,1 95 O,b 0,2

22.15 60 30 178 40 -12,8 93 0,5 0,5

22.30 60 30 178 40 -12,7 97 0,4 0,35

22.45 60 30 178 40 -12,0 91 0,4 0,2

23.00 60 30 178 40 -12,7 92 0,4 0,2

23.15 60 30 178 4 0 - -12,5 -90 0;4 0,2

23.30 60 30 178 40 -12,5 94 0,4 0,2

23.45 60 30 178 40 -12,2 94 0,4 0,3

00.00 60 30 178 40 -I2,I 94 0,4 0,2

00.15 60 30 178 40 -12,0 94 0,3 0,4

00.30 60 30 178 40 -12,0 92 0,3 0,5

00.45 60 30 178 40 -11,7 86 0,3 0,4

01,00 60 30 178 40 -12,3 90 0,4 0,2
01.15 60 30 178 40 -12,2 89 0,4 0,2

,01.30 60 30 178 40 -II 8 92 0,I 0,4
12,4

Average value over flight 0,32 0,3
Mean-square deviation S 0,1 0,1
Dispersion 5 0,01 0,0I

Wind 3500-3600 = 11-14 m/sec

KEY: a) Time (Greenwich); b) coordinates; c) air temp. (oC);
d) relative humidity (%); e) water surface temperature (mercury
thermometer) (oC); f) radiation temperature of water (oC).
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22-23 February 1973 /74

a) b) TenLnepa- Baaz- Tenuepa- Pagxuara-
BpeMn OyO Ho1 typy PROCT Typa no- OIian

Bougyxa oTHoon- BPXHOCTIi Ter'nepa-(rp- BOiN 1O T;oa BO-
nB a) N. Lat W. Long (0oC ) TeHa B pyTHno V a o

c) d ( ) TepM0eT-

21 30 60020' 177000' -0,2 92 -0,6 -0,7
21 45 60 20 177 00 -0,2 92 -0,6 -0,7
22 00 60 20 177 00 0,I 92 -0,6 -I,I
22 15 60 20 177 00 0,I 92 -0,6 -I,I
22 30 60 20 177 00 0,2 90 -0,6 -
22 45 60 20 177 00 0,I 90 -0,b -0,8
23 00 60 20 177 00 -0,3 94 -0,4 -0,5
23 15 60 20 177 00 ;0,8 98 -0,4 -0,4
23 30 60 20 177 00 -1,0 98 -0,4 -0,5
23 45 60 20 177 00 -1,0 98 -0,4 -0,6
00 .0.0 60.20 177 00 -1,0 '98 --0,4 -0,5
00 15 60 20 177 00 -0,2 92 -0,4 -0,6
00 30 60 20 177 00 -0,5 94 -0,4 -0,8
00 45 60 20 177 00 .-0,5 94 -0,4 -0,8
01 00 GO 20 177 00 -0,2 92 -0,4 -0,8
01 15 60 20 177 00 -0,4 92 -0,4 -0,8
01 30 60 20 1'77 00 -0,9 94 -0,5 -0,9

Average v~lue over flight -0.4 -0,44 -.0,8
Mean-square deviation S 0,1 0,21
Dispersion ' 0,01 0,04

Wind 100-I200 8-10 m/see

KEY: a) Time (Greenwich); b) coordinates; c) air temp. (oC);
d) relative humidity (%); e) water surface temperature (mercury
thermometer) (oC); f) radiation temperature of water (OC).
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23-24 February 1973 /75

a) b) KooTene- Bjax- Teunepa- Paaiaun-
Bpei o ' paTypa HoceT Typa ho- o.aas

BOSAy- B epxHoc Tn Telrlena-
(rpa- N. Lat W. Long xa OTHOji B I no Typa
B(q) pTeJhalR TYTOay BODN

(0) (%)d) TepMo.,..e T-
) () (%)d) py c)e (C) f)

21 30 59030' 177000' -0,8 91 0,I 0,0
21 45 59 30 177 00 -0,7 91 0,I -0,2
22 00 59 30 177 00 -0,8 91 O,I -0,2
22 15 59 30 177 00 -0,7 91 0,I1 -0,3
22 30 59 30 177 00 -0,4 91 0,I -
22 45 59 30 177 00 -0,3 87 0,1 0,3
23 00 59 30 177 00 -0,3 91 0,I1 0,2
23 15 59 30 177 00 -0,4 89 0,I 0,2
23 30 59 30 177 00 -0,5 91 0,I 0,0
23 45 59 30 177 00 -.-Q5 .9 .a, 0,1
00 00 59 30 177 00 -0,7 95 0,I 0,I
00 15 59 30 177 00 -0,3 91 0,2 0,I
00 30 59 30 177 00 -0,3 91 0,2 0,0
00 45 59 30 177 00 -0,4 91 0,2 0,0
01 00 59 30 177 00 -I,0 92 0,3 0,0
01 15 59 30 177 00 -0,5 89 0,4 0,0
01 30 59 30 177 00 -0,9 90 0,4 0,I
01 45 59 30 177 00 -0,9 93 0,4 0,I

Average value over flight -0.6 0,2 0,0

Mean-square deviation S 0,12 0,I4
Dispersion 6 0,01 0,02

Wind 320-3600 4-5 m/sec

KEY: a) Time (Greenwich); b) coordinates; c) air temp. (oC);
d) relative humidity (%o); e) water surface temperature (mercury
thermometer) (OC); f) radiation temperature of water (OC).
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26-27 February 1973 /76

a) b) ooaTeepa- Baz- Tenuepa- PaNia-
Bpem-A Ty ypa HonT ypa no- MouIoUa

Bo3yxa OTHO- oypx oo-- TeL~e-
(rPno- Ta BO Bou IpaTypa
Bausa) N. Lat W. Long (oC) Conex- no pTyT- BOAU

(c) . Hoy Tep- (OC)
C) )  

M'oIATPYC) d). e) Oc f)

23.15 59037' 178004' 0,2 88 1,7 -

23.30 59 28 178 04 0,2 88 1,7 1,7

23.45 59 28 178 04 0,3 88 1,7 1,7

00.00 59 28 178 04 . 0,1 90 1,7 1,7

00.15 59 28 178 04 0,1 94 1,7 1,7

00.30 59 28 178 04 0,I1 98 1,7 1,7

00.45 59 28 178 04 0,I1 90 1,7 1,6

1-01.00 59 28 178 04 0,3 94 1,7 1,7

01.15 59 28 -178 04 0,2 96 1,7 1,7

01.30 59 %8 178 04 0,2 96 1,6 1,7

0,I8

Average value over flight 1,7 -1,7

Mean-square deviation S 0,03 0,0

Dispersion z 0,00I 0,0

Wind 90-II0 = 14-15 m/sec

KEY: a) Time (Greenwich); b) coordinates; c) air temp. (oC);
d) relative humidity (%); e) water surface temperature (mercury
thermometer) (oC); f) radiation temperature of water (OC).
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28 February- 1 March 1973 /77

a) b) Ioop- TeuIepa- Bia- Teumepa- Panarn-Bpe wa Typa B03- HOCT Typa no0- o~M
A rxa OTiOCA- BeDxHoc- Te;cnepa-

(rpumE- N. Lat W. Long Te~mBa.i T; BO s Typa Bo-n) (Oc ) no pTyTa. ~t
;(%) TepOM8eT.

- dM e (OC (OC)

21.30 60037, 177054' -7,0 73 -1,2 -1,5
21 45 60 39 177 50 -6,7 74 -1,2 -1,4
22 00 60 42 177 46 -6,5 74 -1,2 -1,2
22 15 60 42 177 46 -4,9 67 -1,2 -1,3
22 30 60 42 177 46 -5,8 70 -I,2 -1,3
22 45 60 42 177 46 -6,2 69 -I,0 -1,4
23 00 60 42 177 46 -6,2 72 -I,0 -1,3
23 15 60 42. 177 46 -6,3 66 -1,0 -1,4
23 45 60 42 177 46 -6,6 65 -I,0 -1,5
20 00 60 42 177 46 -6,7 657 -I,0 -1,4
00 00 60 42 177 46 -6,6 68 -I,0 -I,4
00- 150 60 40 177 46 -6,6 72 -1,0 -1,4
00 45 60 41 I77 50 -6,7 72 -I,0 -2,4
01 00 60 37 177 54 -6,7 71 -1,0 -2,4
0I 15 60 37 177 54 -6,6 71 -I,0 -1,5
01 31 60 37 177 54 -6,5 66 -I,0 -1,4
01 45 60 37 177 54 -6,2 66 -I,0 -1,4
02 00 60 37 177 54 -5,9 62 -I,2 -1,b
02 0015 60 37 177 54 -6,I 70 -I,2 -I,6
02 30 60 37 177 54 -6,1 72 -1,2 -1,6

02 45 60 37 177 54 -6,I 75 -1,2 -I,3
03 00 60 37 177 54 -6,I 70 -I,2 -1,4
03 00 60 37 177 54 -5,9 67 -1,2 -1,4
03 30 60 37 177 54 -5,7 67 -I,1 -1.5
03 430 60 37 177 54 -5,7 78 -I,I -1,5
04 004b 60 37 177 54 -6,0 78 -1,2 -1,4

Mean value over flight -6.2 -I2 -1,5
Mean-square deviation S -00 -I,5
Dispersion 6' 0,009 0,3I0,009 0, u91

KEY: a) Time (Greenwich); b) coordinates; c) air temp. (oC);d) relative humidity (%); e) water surface temperature (mercury
thermometer) (OC); f) radiation temperature of water (OC).
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2-3 March /78

a) b) Ternepa- Baax- Te!Mnepa- PAuaau-
IpoopaT Typa H OC T TS'ya ri- Onnan

Bos3yxa Bepxioc- :rAuepa-
(rp'm- N. Lat W. Long OTHO- Tn BDOA Typa BO-
Baa) (OC) CMTeS 11no pTyT- AW

iasi HOy,, T )p-
Mo.eTpy (oC)

23.00 58042' 173045' -9,7 81 0,2 -

23.15 58 36 173 32 -9,5 85 0,4 -

23.30 58 31 173 32 -9,6 85 0,4 -

23.45 58 29 173 26 -9,6 88 0,4 -

00.00 58 28 173 19 -10,1 85 0,4 -

Ou.I5 58 28 173 16 -10,3 87 0,4 -

00.30 58 27 173 13 -IO,1 85 0,I -

00.45 58 26 173 10 -10,4 89 0,I -

01.00 58 2b '173 U6 -10,5 91 0,I -

01.15 58 28 173 04 -10,5 91 0,0 -

01.30 58 18 172 55 -10,3 90 0,0 -

01.45 58 17 172 52 -10,5 94 0,I -

02.00 58 16 172 48 -10,2 89 0,2 -

02.15 58 16 172 48 -10,4 96 0,2
-IO,I

Mean value over flight 0,2

Mean-square deviation S 0,I5
Dispersion 2 0,02

Wind 700-900 = 21-17 m/sec

KEY: a) Time (Greenwich); b) coordinates; c) air temp. (oC);
d) relative humidity (%); e) water surface temperature (mercury
thermometer) (OC); f) radiation temperature of water (oC).
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5-6 March /79

a) b) TeMnepa- Bjia- Teunepa- Panaa-
BpeMi KocrApJaTu Typa Bos OCT Typa no- oRnaA

Ayxa O Bepxaoc Ten nepa-
(rpra)n- oo TRa Ta BoA Typa Bo-
BRa) N. Lat W. Long (oC) THas no pTyig

Ho'My
(%) TepMo- (oC)

Mempy
c d) e) (0.

21.30 60043' 178038' -14,0 - -1,5 -
21.45 60 46. 178 32 -14,3 - -1,5 -
22.00 60 48 I7/ 28 -14,3 - -1,5 -1,4
22.15 60 49 178 2b -14,6 - -I,b -
22.30 60 50 178 25 -15,1 -1,5
22.4b 60 oO i78 25 -15,1 - -1,5 -
23.00 60 50 178 20 -14,5 - -I,5 -1,6
23.15 60 51 178 20 -15,2 - -1,5 -
23.30 60 51 178 20 -15,2 - -1,5 -1,6
23.45 60 51 178 20 -15,4 - -1,5 -1,5
00.00 60 52 178 19 -15,3 85 -1,5 -1,5
00.15 60 52 178 19 -14,5 85 -1,4 -I,6

0;-380- '60 52 178 19 -14,5 86 -1,3 -1,6
00.45 60 52 178 19 -14,6 85 -1,3 -1,8
01.00 60 52 178 19 -14,6 86 -1,3 -1,8
01.15 60 52 178 19 -14,3 83 -1,3 -1,7
01.30 60 52 178 19 -14,7 86 -1,3 -1,7
01.45 60 52 178 19 -14,3 83 -1,3 -1,8
02.00 60 52 178 19 -14,5 86 -1,3 -1,8
02.15 60 52 178 19 -14,3 f,6 -1,3 -1,7

-14,6

Mean value over flight -1,3 -1,65
Mean-square deviation S 0,I 0,13
Dispersion 0 0,01 0,01

Wind 400-600 = 14-9 m/sec

KEY: a) Time (Greenwich); b) coordinates; c) air temp. (OC);
d) relative humidity (%); e) water surface temperature (mercury
thermometer) (OC); f) radiation temperature of water (oC).
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7-8 March /80

a) b) Tenrepa- BRza'x- Tenrtneipa- Paxua-
Koo ~ UlaOTU Typ-1 B03- HoUCT Typa no- noH-

Bpeun Ayxa OTHO 1- 1epXHOCn TA Has
Bpew T a BO1U no Te!.nie-

(rpia O.. 3.0 (0C) TeAaa pTryTHoMy paTypa
B-a-) .r pTopmoeTpy BAU

c) d) e) o OC )f

23.00 60018' 179020' -I4,I 98 1,0 -
23.15 60 18 179 20 -14,0 97 0,9 -
23.30 60 18 179 20 -I3,8 97 0,9 -

23.45 60 18 179 20 -14,1 97 0,9 -
00.00 60 I8 179 20 -13,8 97 I,0 -

00.15 60 18 179 20 -14,1 97 1,2 -

00,30 60 17 179 27 -13,5 97 1,5 -
00.45 60 17 179 27 -13,3 96 1,5 -

01.00 60 I? 179 27 -14,2 92 1,5 -
01.15 60 17 179 27 -15,0 92 1,5 -
•01.30 60.17 -179 27 --15,0 92 1,4 -
01.45 60 17 179 28 -14,9 91 1,4 -

02.00 60 16 179 29 -14,7 .91 1,4 -

02.15- 60 16 179 32 -15,2 91 1,4 -
02.30 60 16. 179 32 -Ib,2 91 1,4 -

02.45 60 14 179 32 -Ib,I 91 1,4 -

03.00 60 14 179 82 -Ib,2 91 1,4 -
-14,4

Mean value over flight 1,3
Mean-square deviation S 0,23

Dispersion 6 - 0,05

Wind 400 = 22-18 m/sec

(IR radiometer did not operate - icing, storm)

KEY: a) Time (Greenwich); b) coordinates; c) air temp. (OC);
d) relative humidity (%); e) water surface temperature (mercury
thermometer) (OC); f) radiation temperature of water (oC).
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APPENDIX IV. 1 /81

FLIGHT PLANS, TIME- AND COORDINATE-TABLES

/82

Option "C" 15 February

Point Time oinle Point Time
----------------------------------- -------I 22 I8 10 23 33 19 0 352 22 33 II 23 35 20 0 47

3 2 35 12 23 46 21 0 494 22 48 13 23 50 22 I 015 22 51 14 0 04 23 1 086 23 02 15 0 06 24 I 177 23 05 16 0 18 2b 1 19
8 23 17 17 0 20 26 I 32
9 23 21 18 0 33 27 229

Coordinates: - 6oO00, 17800'

- 62 20 178 10

- 61 23 176 Ib
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/84

0 _ _
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© ------ ©

© ---- ®

Option "B" 16 February

Point Time Point Time

I 22 14 9 23 27
2 22 32 IO0 23 38
3 22 33 II 23 38
4 22-51 12 23 53
5 22 52 I 23 53
6 23 I0 14 0 05
7 123 I0 15 0 35
8 23 26

Coordinates: - 60000' 178000'

- 60 45 176 30
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Option "C" 20 February /86

@0@@@@ @@00 @@

Point Time Poiti' Time - Time

I 22 13 II 23 24 21 0 35
2 22 27 12 23 39 22 0 49
3 22 28 13 23 39 23 0 49
4 22 42 14 23 53 24 I 02
5 22 42 IS 23 53 25 I 03
6 22 54 16 005 26 I. 17
7 22 56 17 0 05 27 1 18
8 23 09 18 0 20 28 1 32
9 23 IO 19 0 20 29 I 50

IO 23 24 20 0 34

Coordinates: - 61o2I' 178040'
- 60 30 178 40

- 60030' 176055 '

- 61 21 176 54
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/88

W®

-- -- ---- ---- -- - -- - -- -

S - 22- 22 10 0

2 22 44 II OII
3 22 58 12 0 29
4 23 17 13 0 30
5- 23 17 14 0 48
6 23 35 15 0 48
7 23 35 16 1 06
8 23 53 17 1 35
9Option "B" 23 3February

Coordinates: - 59030' 177000'

- 58 40 177 00
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/90

Option "A" 26 February

Point Time

2 0-35
3 0 47
4 0 53
5 I I2
6 1 35

Coordinates: - 56047' 7Ib53

- 55 35 178 75
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00@@ @@ ®@@@ @@

Option "C" 28 February

Point .Time Point Time. Poi t' -Time -

I 23 45 12 I I5 23 2 41
2 23 57 13 I 26 24 2 51
3 0 12 14 I 30 25 2 53
4 0 17 15 1 42 26 3 07
5 * 0 19 15 I 14 27 3 09
6 0 29 16 I 56 28 3 19

0 31 17 I 59 29 3 21
0 43 18 2 12 30 3 36

8 0 47 19 2 14 31 3 38
9 0 59 20 2 22 32 3 48

IO I 01 21 2 24
II I I, 22 2 39

Coordinates: - 60040' I/7o4U
- 6I 40 177 45

- 60 40 176 00
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/94
Option "A" 2 March

®@ ®

Point Time

.I 0 29
2 0 59
3 I 00
4 1 22
5 1 23
6 1 47
7 1 47
8 2 16
9 2 20

Coordinates: - 57025' I7I040'

- 56 30 171 25
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/96
Option "C" 5 March

0----- ------

0 .

Point Time-, -Point Time Point Ti-me-

I 22 29 II 23 49 20 I 07

2 22 44 12 001 21 I 09

3 22 44 Id 0 04 22 I 25

4 22 58 I4 0 20 23 I 26

5 22 58 Ib 0 22 24 1 40

6 23 I5 16 0 35 25 I 40

7 23 I6 17 0 36 26 I 54

8 23 28 18 0 b2 2' I 56

9 23 30 19 0 53 28 2 08

IO 2j 47

Coordinates: - 6Iob3' I78020'
- 60 52 178 20

- 60 52 176 35

- 6I.b3 176 3I
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3 0 08 I I 40
4 0 27 I I 40
5 0 44 1 I 56
6 0 45 14 I 57

7 I 02 15 2 11
8 1 03 16 2 39
9 1 23 17 2 50

Coordinates: - 60000 178040'

- 59000' 177055'
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APPENDIX IV. 3 /100

TABLES OF DATA FROM AIRCRAFT SOUNDING OF THE ATMOSPHERE

.. -- V --- - --- I . T --- -- /101

Time 6 T obsevtion

17 February 1973

01 34 3.73 62'? -33,0 - Below 8 Sc. Sea visible
through gap

01 49 3.73 627 -32,3 -45,9 Below 7 Sc. Sea and
ice translucent

01 52 3.73 627 -32,6 -44,3 Below 7 Sc. Sea and
ice translucent

02 08 3.73 627 -33,6 -42,I Below 8 Sc.

02 22 3,73 627 -33,3 -44,9 Below 9 Sc.

02 25 3.73 627 -33,3 -43,8 Below 9 Sc.

02 39 3,73 628 -32,8 -47,7 Below 8 Sc.

02 42 3.71 C29 .. 3;-2 - B -- 1elow 9 'Sc.

02 .55 3.72 628 -33,I -43,4 Below 9 Sc.

02 b8 3,72 629 -32,9 -42,6 Below 9 Sc.

03.II 3,72 629 -32,8 -44,6 Below 8 Sc.

21 February 1973

01 14 8.66 339 -57,6 Toward Ci, below 8 Sc,
Cu (two layers)

01 26 8.69 338 -56,9 Toward Ci, below 9 Sc,
Cu (two layers)

01 28 8.69 338 -56,9 Ci on horizon, below
9 Sc, Cu (two layers)

01 40 8.66 339 -57,3

01 42 8.67 338 -57,7
uI 54 8.68 338 -57.0

OI 56 8.69 337 -56.7
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I 2 3 4 ' 5 6 /102

02 08 8.66 339 -57,9
02 10 8.67 338 -57,6

02 21 8.68 338 -57,I1
02 23 8.69 337 -56,6
02 36 8.62 340 -58,9
02 37 8.60 341 -59,2
02 50 8.66 339 -57,8 Below 10 Cs, translucent

Sc, Cu.

02 52 8.66 339 -56,9 "Below 10 Cs, translucent
Cu.

03 03 8.58 342 -59,3 Below 10 Cs, ice, water
translucent

03 05 8.58 342 -59,3 Below 10 Cs, ice, water
translucent

03 17 8.63 340 -57,5 Below 10 Ci, Cs, Sc, ice,
water translucent

0.3 19 8..64 .339 .57,5 JBelow 10 Ci, Cs, Sc, ice,
water translucent

03 3I 8.57 343 -59.3 Below 10 Cs, Sc, ice,
water translucent

03 38 8 I 341 -59.3 Below 10 Ci, translucent
Sc, ice, openwater spaces

03 46 8. (5 339 -58,2 Below 10 Cs, translucent
Sc

03 51 :2 )7 339 -57,6 Below 10 Cs, translucent
Sc, sea

04 02 8.60 341 -59,4 Below 9 As, Ci
04 06 8.60 341 -59,4 Below 10 As, Ci translu-

cent Sc

04 18 8.64 340 -58.5 Below 10 Ci, Cs translu-
cent Sc, sea

04 20 8.65 339 -58.I Below 10 Cs, Ci translu-
cent Sc, sea

04 31 8.60 342 -59.7 Below 10 As, Ci
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..... T[ 4V 5-o_/103

27 February 1973

03 35 4.50 575 -27,4 Above I Ci toward Ac,
below 6 Sc, Cu cong

03 40 4.07 610 -24,I Above 4 Ci, toward Ac,
below 6 Cu cong

03 45 4.07 610 -24,0 Above 5-6 Ci, below 4
Cu cong, Cu med

03 47 4.07 610 -23,8 Above 3 Ci, below 4 Cu
med, Cu cong, Cu fr

03 50 2.74 730 -Ib,6 Above 3 Ci, below 4 Cu
med, Cu cong

03 52 I.b8 -848 - 7,2 .Upper level
Cu fr

Lower level -0.90

03 b4 0.65 955 - 0,4 Above 7-8 Cu med, Cu
cong

04 00 0.65 955 - 1,4 Above 5 Ci, Cu

3 March 1973

03 27 8 36 352 -46,1 Clear above. Below 10
Cs, end of field

Cs, beyond As

03 37 8.i36 352 -46,3 Clear Above. Below 10
As, Ac
(multi-layered)
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/104
I 2 ' 3 4 5 6

03 53 8.34 353 -46,8 Clear above. Below 10
Ac, As (Multi-layered)

03 55 6.92 421 -34,8 !Below 10 Ac, As
(multi-layered)

03 57 5.45 506 -24,0 Below 10 As, Ac thin
layer Ac.

03 59 3.97 609 -16,9 !Below 10 As

04 00 3.60 638 -13,5 ,Above I Ac, below 10 As

04 08 4.02 605 -18,2 ' Clear above. Below10 A
j- near upper level

04 13 4.72 555 - 21,9 !Entered As from the side

04 15 5.45 506 -23,7 iUpper edge As

04 IS8 5.46 505 -24,4 Above 6 Ci, below 10 As.
Entered As from the side

.04 .22 5.46 505 --24,4 In As. (Left As from the
side. Entered As

04 32 4.12 593 -18,7 Clear above. Upper
level As

04 42 3.50 646 -14,8 Upper level. Ns.

04 46 1.97 781 - 7,I Upper level Ns.

04 49 0.58 931 - 3,7 Lower edge FrNb snow

05 01 0 50 940 - 6,7 Above 10 FrNb, snow

05 12 0 47 943 -11,7 Lower edge FrNb, snow

84



2 4 ---------- /105

6 March 1973

01 28 8.82 332 -b2,9 Below 3 Cu, Ci on
horizon

0I 41 8.84 33I -51,8 Above 2 Ci. Below 4 Cu

0I 43 8.84 331 -51,8 Above2 Ci. Below 3-4
01 55 8.81 332 -52,7 Above I-2 Ci. Below 2-3

Cu.
01 58 8.84 331 -bl,8 Above 1-2 Ci. Below 4 Cu
02 15 8.83 332 -51,5 Above I Ci. Below 6 Cu

02 2b 8.84 331 -bl,7 Clear

02 30 8.85 331 -51,3 Clear
02 43 8.85 331 -51,3 Above 2 Ci, below 2 Cu
02 48 8.85 331 -51,0 Above I Ci, below 2 Cu
02 59 8.82 332 -5I,b Clear

03 04 8.84 331 -51,7 Clear

03 17 8 84 331 -51,7 Ci on horizon. Below
2 Cu, Ci

03 22 8 84 331 -51,7 Ci on horizon. Below
2 Cu

03 33 8-32 332 -52,4 Clear
03 37 8.84 331 -51,7 Clear
03 50 3.83 332 -bl,8 Above I Ci, below 2 Cu
03 55 3.85 331 -51,5 Above I Ci, below 2 Cu
04 05 3.80 333 - 52,7 Clear
04 09 8.84 331 -51,8 Clear. 15 min entered

Ci from side; 17 min
left Ci from side

04 22 8 85 331 -50,6 Above I Ci, below 2 Cu
04 27 8 82 332 -51,6 Above I Ci, below 2 Cu,

35 min entered Ci

04 37 8 79 333 -52,6 Clear
04 41 8 81 333 -52,2 Ci along course
04 55 8 84 331 -51,6 Clear
04 59 8.84 331 -51,7 Clear
05 IO0 8.8I 333 -52:7 Clear
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' 2 1/106i 2i 5 --- - 6

8 March 1973

03 07 3.97 609 -17,6 4 Above 4 Ci, below 9 Ac,
Sc (multi-layered)

03 24 3.97 609 -16,7 Above 6 Ci, below 9As, Ac

U0 24 3.97 609 -16,7 Above 6Ci, below 9As, Ac

03 39 3.96 = 610 -16,9 Above 8 Ac, below 9 Sc, As
03 42 3.96 610 -16,9 Above 9 As, Ac. Below 10

As, Sc.
03 56 3.98 609 -15,9 Above 6 Ci fil, below 9

Sc op.

03 59 4.00 607 -Ib,6 Above 8 Ci fil, below 9
Sc, Ac.

04 I5 3.96 610 -17,4 Above 7 Ci, below 10 As.

04 18 3.97 609 -17,6 Above 7 Ci, below 10 As.

04 32 4.00 607 -15,8 Above 6 Ci, below 9 Sc.
04i35 3.983 609 .15,8 Above 6 Ci, below 9 Sc.
04 51 '3.98 609 -I6,I Above 9 Ci, below 10 Ac,

Sc
04 54 3.97 609 -16,0 Above 9 Ci, below 10 Ac,

Sc.
05 09 3. 37 609 -16,5 Above 10 Ci, below 10 As,

Sc.
05 10 3,96 610 -16,9 Above 10 Ci, below 10 As,

Sc.
05 14 : "8 609 -17,0 Above 9 Ci, below 10 As, Sc.

05 19 3,98 609 -17,3 Above 9 Ci, below 10 As,
Sc.

05 36 3.74 627 -17,5 Above 9 Ci, below 10 As.
05 40 5.46 505 -23,I Above 9 Ci, below 10 As,

Sc.
05 45 6.M 420 -33,7 Above 9 Ci, below 10 As,

Ac, Sc.

05 48 7.61 386 -39,5 Lower boundary Ci
05 55 8.37 351 -47,8 Above 6 Ci, below 10 Ci,

Ac, As, Sc, From side
left Ci.
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--- -- ~ /107
I 2 3 4 5 6

06 I0 8.32 353 -49,6 Above 3 Ci, below 9 Ac,
Sc-strata

06 19 8 78 334 -53,5 Toward Ci, below 5-6
Cu, Sc.

06 30 8 80 333 -53,2 Ci on the horizon

06 40 8 80 333 -53,2 Ci on the horizon

06 43 8 80 333 -53,2 Ci on the horizon

17 00 8 67 338 -55,8 Clear

07 15 8 67 338 -55,5 Clear

025 1 o2 o3ts 3o/ 1 0 8

00

/108

so.25 00

(pf

soao

Figure 2.1. Surface synoptic chart, oo GMT, 16 Feb. 1973.
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Figure 2.2 Surface synoptic chart, oo GMT, 17 Feb. 1973.
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Figure 2. 5. Surface synoptic chart, 0000 GMT, 22 February 1973.
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60.
6A,

170 * I 1700

Figure 2. 11. Diagram of ice conditions in the opera-

tional area of the "Bering" expedition on March 1973.

Legend: 1. - gray ice; 2 - gray-white ice; 3 - pre-

ponderance of white ice; 4 - white ice with inclusion of
first-year ice of medium thickness; 5 - average bound-

ary of ice in March; 6 - position of "Priboi" during pro-
gram "C" option.
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Figure 2.12. Ice situation in the vicinity of the "Priboi" station,

I , I I /120

5-6 March 1973 .
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Gray-white ice /121

* 6 aS 40d 0d7 o0i 09

I

-2 - -f - o- c

10

Zone of scatter of values of s Mlinity

--. (S%) and density (.)
-- Average value

-- Arctic ice
IEl. -Portion of ice above water

Figure 2. 14. Vertical distribution of tem-
perature (t OC), density (.) and salinity
(S) of gray-white ice.
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/122
White ice

0 2 4 6 8 0 8 0. 09

SOk

70 "

eM Zone of scatter of values of salinity
(S%) and density (.)
Theoretical scatter zone S%
Average value

-Arctic ice
Snow UhJ]]J Section of ice above water

Figure 2. 15. Vertical distribution of temperature
(t C), density (p) and salinity (S') of white ice.
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Texture of ice Structure of ice /123

Layer i-- -

Layer :
35-70 o .

.i I .. . •.':

White ice

Glass ice

Figure 2. 16. Texture and crystalline
structure of ice.
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Thickness
/ Age characteristics of ice range cm)

lo Age compsition .of ice
I I Amount of older ice

Amount of younger ice
cscTu HMMAAC 35-0

2 c~I g o- 5AME4ATb
1

4 ilce)
CEPbIA Ai .A 40I1

3 0 - (gey Ice)

4 (A CEPO- SCAbIA AEi.00 - ( gacy- whtte Lce) is

TOur m4 Oe.OAeTbIH
(thin fLst- ygene Ece) 50-7o

•-Tabl e 2. . .- ceclegend.

40

30

20

-10

- 06-0.4-02 0.0 02 0.4

Figure 3. 1. Histogram of deviations of
IR-radiometer readings from mercury
thermometer data T= -0. 0030.
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Fig. 3.2. Position of ice edge and isotherms compared with the

multi-year data for the period 16-28 February 1973.
water isotherms, average multi-year water isotherms,

-+, , -+ boundaries of ice fields of different salidity, multu-year
average position of ice edge.
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Fig. 3.2. Position of ice edge and isotherms compared with the
multi-year data for the period 16-28 February 1973.

-- water isotherms, - -- average multi-year water isotherms,
t, U boundaries of ice fields of different salidity, -- multu-year

average position of ice edge.
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Fig. 3.3 Position of ice edge and isotherms compared with the multi-
year data for the period 1-8 March 1973.
-- water isotherms, - - - average multi-year water isotherms,

, ,boundaries of ice fields of different salidity, multi-yearaverage position of ice edge.
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Fig. 3. 4. Dependence of water-ice temperature contrast
(Tw - TI) on the thickness of the ice.
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Fig. 3. 5. Histograms of wave height (h) and period (z).
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60"

Fig. 3. 6. Diagram of radar wave-survey, Program "B"
option 16/17 February 1973.

60s

Ice

r-4r-4
L .A * LC
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R/V Priboi - r-2
7 ! .1177*

Fig. 3. 7. Diagram of radar wave-survey, Program "B"
option, 7/8 March 1973.
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/130

SW(1460) ,I
a) bSW 36 2 .72 7s. .aIo- 4

a WWI(990)
WW2 c'rs SW("'

Fig. 3. 8. Diagram of the main directions of sea
wave systems (a) and sections of the 2 - dimensional
spectra of the wave systems WW 1 and WW2 , (b) for
the survey of 7/8 March 1973, tack-2. WW 1 and
WW2 - directions of first and second systems of wind
waves; SW - direction of swell; GW - direction of wave
groups.

107



C

a) so )' I
W2 Oa b) 0 2.36 4.72 7.oaw gj10- .

sw2(24 SW1(1900)

Fig. 3.9. Diagram of the main directions of sea wave
systems (a) and sections of the 2-dimensional spectra
of the wave systems WW1 and WW2 , (b) for the survey
of 16/17 February 1973, tack-7. WW 1 and WW2 -direc-
tions of first and second wave systems; SW - direction
of wave groups.
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Fig. 3. 10. Dependence of area of sea
covered by foam on wind velocity.
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Fig. 4. 1. Microwave-survey plot, 20 February 1973.
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Fig. 4.2. Plot of microwave survey, 5 March
1973.
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Fig. 4.3. Plot of radar survey€, 20 February 1973.
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Fig. 4.4. Plot of radar survey, 5 March 1973.
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Fig. 4. 5. Vertical profile of cloud water content.
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Fig. 4. 6. Plot of IR-survey, 20 Feb.
1973.
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Fig. 4. 7. IR-picture of cloud fields in
precipitation zones.

Fig. 4. 8. IR-picture of agitated surface.
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Fig. 4. 9. Plot of aerophoto survey, 20 February 1973.
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Fig. 4. 10. Plot of aerophoto survey, 5 March 1973.
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APPENDIX IV. 2 /141

PLOTS OF RADIO BRIGHTNESS TEMPERATURES
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